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Thermal Conductivity of Ten Selected Binary Alloy Systems 

C. Y. Ho, M. W. Ackerman, K. Y. Wu, S. G. Oh, and T. N. Havill 

Center for Information and Numerical Data Analysis and Synthesis, Purdue University, West Lafayette, Indiana 47906 

This work reviews and discusses the available data and information on the thermal conductivity of ten selected 
binary 'alloy systems and presents the recomme,nded values resulting from critical evaluation, analysis, and syn
thesis of the available data. The ten binary alloy systems selected are the systems of aluminum-copper, 
aluminum-magnesium, copper-gold, copper-nickel, copper-palladium', copper-zinc, gold-palladium, gold-silver, 
iron-nickel, and silver-palladium. The recommended values given include values of the total thermal conductiv
ity, electronic thermal conductivity, and lattice thermal conductivity. The uncertainty of the values is generally 
of the order of ::tlO%. The values for each of the alloy systems except two are given for 25 alloy compositions: 
0.5, 1,3,5, 10(5)95,97,99, and 99.5%. For most of the alloy compositions, the values cover the temperature 
range from 4 K to the solidus temperature or 1200 K. In addition, reliable methods for the estimation of the 
electronic and lattice thermal conductivities of alloys have been developed in this study. 

Key words: Alloys; conductivity; critical evaluation; data analysis; data compilation; data synthesis; el('ctrical 
resistivity; metals; recommended values; thermal conductivity; thermoelectric power. 

Contents 

Page 

List of Tables ... _ . . . . . . . . . . . . . . . . . . . . . . . . . 959 
List of Figures ............ _ . . . . . . . . . . . . . . . 960 
Nomenclature . . . . . . . . . . . . . . . . . . . . . . . . . . . . 961 
1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 962 
2. Theoretical Background. . . . . . . . . . . . . . . . . . . 963 

2.1. Electronic Thermal Conductivity. . . . . . . . . . 963 
2.2. Lattice Thermal Conductivity. . . . . . . . . . . . 965 

a. Low Temperature Region. . . . . . . . . . . . . 966 
b. Intermediate Temperatures .... : . . . . . . 966 
c. High Temperature Region. . . . . . . . . . . . 966 

3. Data Evaluation and Generation of Recommended 
Values. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 970 

4. Thermal Conductivity of Binary Alloy Systems . . . 980 

4.1. Aluminum-Copper Alloy System . . . . . . . . . . 981 
4.2. Aluminum-Magnesium Alloy System . . . . . .. 1008 
4.3. Copper-Gold Alloy System ....... . . . . . .. 1022 
4.4. Copper-Nickel Alloy System . . . . . . . . . . . .. 1041 
4.5. Copper-Palladium Alloy'System .......... 1067 
4.6. Copper-Zinc Alloy System. . . . . . . . . . . . . .. 1085 
4.7. Gold-Palladium Alloy System. . . . . . . . . . .. 1098 
4.8. Gold-Silver Alloy System. . . . . . . . . . . . . . .. 1114 
4.9. Iron-Nickel Alloy System ......... . . . . .. 1132 
4.10. Silver-Palladium Alloy Sytem . . . . . . . . . .. 1155 

5. Conclusions and Recommendations. . . . . . . . . .. 1173 
6. Acknowledgments ....................... 1173 
7. References. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1173 

List of Tables 

1. Parameters for the Calculation of Lattice Thermal 
Conductivity of Elements Using Equation (37). 969 

© 1978 by the U.S. Secretary of Commerce on behalf of the United States. 
This copyright is assigned to the American Institute of Physics and the 
American Chemical Society. 

0047-2689/78/3123-0959$10.00 959 

Page 

2. Recommended Thermal Conductivity of 
Aluminum-Copper Alloy System. . . . . . . . . . . 985 

3. Thermal Conductivity of Aluminum + Copper 
Alloys-Specimen Characterization and 
Measurement Information. . . . . . . . . . . . . . . 996 

4. Thermal Conductivity of Copper + Aluminum 
Alloys-Specimen Characterization and 
Measurement Information. . . . . . . . . . . . . . . 999 

5. Recommended Thermal Conductivity of 
Aluminum·Magnesium Alloy System ....... 1011 

6. Thermal Conductivity of Aluminum + Magnesium 
Alloys-Specimen Characterization and 
Measuremem Information. . . . . . . . . . . . . .. 1018 

7. Thermal Conductivity of Magnesium + Aluminum 
Alloys-Specimen Characterization and 
Measurement Information. . . . . . . . . . . . . .. 1021 

8. Recommended Thermal Conductivity of Copper-
Gold Alloy System ............. . . . . . .. 1025 

9. Thermal Conductivity of Copper + Gold Alloys
SpeCimen Characterization and Measurement 
Information ........ : . . . . . . . . . . . . . . .. 1036 

10. Thermal Conductivity of Gold + Copper Alloys
Specimen Characterization and Measurement 
Information. . . . . . . . . . . . . . . . . . . . . . . .. 1037 

II. Recommended Thermal Conductivity of Copper-
Nickel Alloy System . . . . . . . . . . . . . . . . . .. 1045 

12. Thermal Conductivity of Copper + Nickel 
Alloys-Specimen Characterization and 
Measurement Information. . . . . . . . . . . . . .. 1056 

13 .. Thermal Conductivity of Nickel + Copper 
Alloys-Specimen Characterization and 
Measurement Information. . . . . . . . . . . . . .. 1063 

14. Recommended Thermal Conductivity of Copper-
Palladium Alloy System. . . . . . . . . . . . . . . .. 1071 

15. Thermal Conductivity of Copper + Palladium 
Alloys-Specimen Characterization and 
Measurement Information ........ _ . . . . .. 10R2 

J. Phys. Chern. Ref. Dcta. Vol. 7. No.3, 1978 



960 HO ET AL. 

Content~Continued 

16. Thermal Conductivity of Palladium + Copper 
Alloys-Specimen Characterization and 
Measurement Information. . . . ... . . . . . . . .. 1083 

17. Recommended Thermal Conductivity of Copper-
Zinc Alloy System. . . . . . . . . . . . . . . . . . . .. 1088 

18. Thermal Conductivity of Copper + Zinc Alloys
Specimen Characterization and Measurement 
Information. . . . . . . . . . . . . . . . . . . . . . . .. 1093 

19. Recommended Thermal Conductivity of Gold-
Palladium Alloy System. . . . . . . . . . . . . . . .. 1101 

20. Thermal Conductivity of Gold + Palladium 
Alloys-Specimen Characterization and 
Measurement Information. . . . . . . . . . . . . .. 1113 

21. Thermal Conductivity of Palladium + Gold 
Alloys-Specimen Characterization and 
Measurement Information. . . . . . . . . . . . . .. 1118 

22. Recommended Thermal Conductivity of Gold-
Silver Alloy System. . . . . . . . . . . . . . . . . . .. 1121 

23. Theuual C01Hluctjyity of Gold + Silver AlloYI5-

Specimen Characterization and Measurement 
Information. . . . . . . . . . . . . . . . . . . . . . . .. 1129 

24. Thermal Conductivity of Silver + Gold Alloys
Specimen Characterization and Measurement 
Information. . . . . . . . . . . . . . . . . . . . . . . .. 1131 

25. Recommended Thermal Conductivity of Iron-
Nickel Alloy System ......... '.' . . . . . . .. 1136 

26. Thermal Conductivity of Iron + Nickel Alloys
Specimen Characterization and Measurement 
Information. . . . . . . . . . . . . . . . . . . . . . . .. 1147 

27. Thermal Conductivity of Nickel + Iron Alloys
Specimen Characterization and Measurement 
Information. . . . . . . . . . . . . . . . . . . . . . . .. 1152 

28. Recommended Thermal Conductivity of Silver-
Palladium Alloy System. . . . . . . . . . . . . . . .. 1159 

29. Thermal Conductivity of Silver + Palladium 
Alloys~Specimen Characterization and 
Measurement Information. . . . . . . . . . . . . .. 1170 

30. Thermal Conductivity of Palladium + Silver 
Alloys-Specimen Characterization and 
Mea5urement Information. . . . . . .. . . . . . .. 1172 

List of Figures 
Page 

l. Recommended Electrical Resistivity of Copper + 
Nickel Alloys. . . . . . . . . . . . . . . . . . . . . . . . 973 

2. Recommended Electrical Resistivity of Nickel + 
Copper Alloys ...... . . . . . . . . . . . . . . . . . 974 

3. Recommended Absolute Thermoelectric Power of 
Copper + Nickel Alloys. . . . . . . . . . . . . . . . 975 

4. Recommended Absolute Thermoelectric Power of 
Nickel + Copper Alloys. . . . . . . . . . . . . . . . 976 

5. Comparison of Calculated and Experimental 
Thermal Conductivity of Copper-Nickel Alloy 
System. . . . . . . . . . . . . . . . . . . . . . . . . . . . 977 

6. Lattice Thermal Conductivity of Copper-Nickel 
Alloy System at 300 K . . . . . . . . . . . . . . . . . . 978 

J. Phys. Chem. Ref. Data, Vol. 7, No.3, 1978 

7. Thermal Conductivity of Copper-Nickel Alloy 
System (Composition Dependence). . . . . . . . . 979 

8. Thermal Conductivity of Selected Aluminum + 
Copper Alloys ..... . . . . . . . . . . . . . . . . . . 983 

9. Thermal Conductivity of Selected Copper + 
Aluminum Alloys . . . . . . . . . . . . . . . . . . . . . 984 

10. Recommended Thermal Conductivity of 
Aluminum + Copper Alloys. . . . . . . . . .. . . . 992 

11. Recommended Thermal Conductivity of Copper 
+ Aluminum Alloys . . . . . . . . . . . . . . . . . . . 993 

12. Experimental Thermal Conductivity of Aluminum 
+ Copper Alloys . . . . . . . . . . . . . . . . . . . .. 994 

13. Experimental Thermal Conductivity of Copper + 
Aluminum Alloys . . . . . . . . . . . . . . . . . . . . . 995 

14. Thermal Conductivity of Selected Aluminum + 
Magnesium Alloys ............. '. . . . . .. 1009 

15. Thermal Conductivity of Selected Magnesium + 
Aluminum Alloys. . . . . . . . . . . . . . . . . . . .. 1010 

16. Recommended Thermal Conductivity of 

Aluminum + Magnesium Alloys. . . . . . . . .. 1014 
17. Recommended Thermal Conductivity of 

Magnesium + Aluminum Alloys. . . . . . . . .. 1015 
18. Experimental Thermal Conductivity of Aluminum 

+ Magnesium Alloys. . . . . . . . . . . . . . . ... 1016 
19. Experimental Thermal Conductivity of 

Magnesium + Aluminum Alloys. . . . . . . . .. 1017 
20. Thermal Conductivity of Selected Copper + Gold 

Alloys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1023 
21. Thermal Conductivity of Selected Gold + Copper 

Alloys . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1024 
22. Recommended Thermal Conductivity of Copper 

+ Gold Alloys . . . . . . . . . . . . . . . . . . . . . . . 1032 
23. Recommended Thermal Conductivity of Gold + 

Copper Alloys . . . . . . . . . ... . . . . . . . . . . . . 1033 
24. Experimental Thermal Conductivity of Copper + 

Gold Alloys . . . . . . . . . . . . . . . . . . . . . . . .. 1034 
25. Experimental Thermal Conductivity of Gold + 

Copper Alloys . . . . . . . . . . . . . . . . . . . . . .. 1035 
26. Thermal Conductivity of Selected Copper + 

Nickel Alloys . . . . . . . . . . . . . . . . . . . • • . .. 1043 
27. Thermal Conductivity of Selected Nickel + 

Copper Alloys ... . . . . . . . . . . . . . . . . . . .. 1044 
28. Recommended Thermal Conductivity of Copper 

+ Nickel Alloys . . . . . . . . . . . . . . . . . . . . .. 1052 
29. Recommended Thermal Conductivity of Nickel + 

Copper Alloys ....................... 1053 
30. Experimental Thenui:tl Couductivity of Coppel + 

Nickel Alloys. . . . . . . . . . . . . . . . . . . . . . . . 1054 
31. Experimental Thermal Conductivity of Nickel + 

Copper Alloys .. .. . . . . . . . . . . . . . . . . . .. 1055 
32. Thermal Conductivity of Selected Copper + 

Palladium Alloys . . . . . . . . . . . . . . . . . . . .. 1069 
3.3. Thermal Conductivity of Selected Palladium + 

Copper Alloys ...................... , 1070 
34. Recommended Thermal Conductivity of Copper 

+ Palladium Alloys. . . . . . . . . . . . . . . . . .. 1078 



THERMAL CONDUCTIVITV· OF BINARV ALLOV SVSTEMS 961 

Contents--Contin ued 

35. Recommended Thermal Conductivity of 
Palladium + Copper Alloys .............. 1079 

36. Experimental Thermal Conductivity of Copper + 
Palladium Alloys ,." .................................... 1080 

37. Experimental Thermal Conductivity of Palladium 
+ Copper Alloys ..................... 1081 

38. Thermal Conductivity of Selected Copper + Zinc 
Alloys ............................. 1087 

39. Recommended Thermal Conductivity of Copper + 
Zinc Alloys. . . . . . . . . . . . . . . . . . . . . . . . . . 1091 

40. Experimental Thermal Conductivity of Copper + 
Zinc Alloys ........................... 1092 

41. Thermal Conductivity of Selected Gold + 
Palladium Alloys .......................................... 1099 

42. Thermal Conductivity of Selected Palladium + 
Gold Alloys ......................... II 00 

43. Recommended Thermal Conductivity of Gold + 
Palladium Alloys ........................................ " 110B 

44. Recommended Thermal Conductivity of 
Palladium + Gold Alloys ............... 1I09 

45. Experimental Thermal Conductivity of Gold + 
Palladium Alloys .......................................... llIO 

46. Experimental Thermal Conductivity of Palladium 
+ Gold Alloys ....................... III I 

47. Thermal Conductivity of Selected Gold + Silver 
Alloys ............................. Ill6 

48. Thermal Conductivity of Selected Silver + Gold 
Alloys .. '.' ........... ' .............. Ill7 

49. Recommended Thermal Conductivity of Gold + 
Silver Alloys ......................... 1125 

Nomenclature 

a Lattice constant 
e Electronic charge; base of natural logarithm (2.71828) 
E Electron energy 
Ek Energy of electron in kth state 
!(k) Distribution function representing the number of 

carriers in kth state 
fO Fermi-Dirac distribution function at equilibrium 
"Ii Reduced Planck constant 
leu h, Ie Transport integrals 
In Modified transport integrals 
In Standard transport integrals 
k Total thermal conductivity 
ke Electronic thermal conductivity 
kei Intrinsic electronic thermal conductivity 
kg Lattice thermal conductivity 
ku Lattice thermal conductivity of a virtual crystal 
k Electron wave vector 
K Kelvin temperature unit 
Kn Electronic transport integrals 
L Lorenz function 
Lo Lorenz number (2.443x IQ-sV2 K-2

) 

M Average atomic mass 

50. Recommended Thermal Conductivity of Silver + 
Gold Alloys ......................... 1126 

5l. Experimental Thermal Conductivity of Gold + 
Silver Alloys. . . . . . . . . . . . . . . . . . . . . . . . . 1127 

52. Experimental Thermal Conductivity of Silver + 
Gold Alloys ......................... 1I28 

53. Thermal Conductivity of Selected Iron + Nickel 
Alloys ............................. II 34 

54. Thermal Conductivity of Selected Nickel + Iron 
Alloys ............................. 1135 

55. Recommended Thermal Conductivity of Iron + 
Nickel Alloys ........................ II 43 

56. Recommended Thermal Conductivity of Nickel + 
Iron Alloys .......................... II 44 

57. Experimental Thermal Conductivity of Iron + 
Nickel Alloys ........................ II 45 

58. Experimental Thermal Conductivity of Nickel 
+ Iron Alloys ........................ 111·6 

59. Thermal Conductivity of Selected Silver + 
Palladium Alloys .. ................................ /II ....... 1I57 

60. Thermal Conductivity of Selected Palladium + 
Silver Alloys ......................... ll58 

6l. Recommended Thermal Conductivity of Silver + 
Palladium Alloys ..................... 1166 

62. Recommended Thermal Conductivity of 
Palladium + Silver Alloys ............... 1167 

63. Experimental Thermal Conductivity of Silver + 
Palladium Alloys .......................................... II 68 

64. Experimental Thermal Conductivity of Palladium 
+ Silver Alloys ....................... 1169 

MH Atomic mass of the heavier element 
ML Atomic mass of the lighter element 
n Number of conduction electrons per atom 
5 Absolute thermoelectric power 
T Temperature 
v Speed of sound 
v (E) Electron velocity in spherical symmetry 
v(k) Velocity of electron in kth state 
V AVPTl'lgP l'ltornlr. volnrnp 

VH Atomic volume of the heavier element 
VL Atomic volume of the lighter element 
We Electronic thermal resistivity 
Wei Intrinsic electronic thermal resistivity 
WeO Residual electronic thermal resistivity 
W Hi Contribution to Wei of electrons moving parallel to 

the Fermi surface 
W Vi Contribution to Wei of electrons moving 

perpendicular to the Fermi surface 
IlW Deviation from thermal analog of Matthiessen 's rule 
x Reduced phonon frequency 
xo Reduced phonon frequency at which the relaxation 

times for point-defect scattering and V-processes 
are equal 

y Atomic fraction of the solute 

J. Phys. Chem. Ref. Data, Vol. 7, No.3, 1978 



962 HO ET AL 

(3 
y 
E. 

x 
I.t 
e 
e* 

eo 
ei 
Ae 

Atomic fraction of the heavier element 
Atomic fraction of the lighter element 
Ratio of reciprocal relaxation times for N- and 

V-processes 
Impurity-imperfection parameter of elements 
Griineisen parameter 
Quantity characterizing the perturbation due to mass 

defects and lattice distortion 
Fermi energy 
Reduced electron energy 
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Boltzmann constant 
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1. Introduction 

The primary objective of this study was to critically 
evaluate, analyze, and synthesize all the available data and 
information on the thermal conductivity of ten selected 
binary alloy systems and to generate recommended values 
over the widest practicable ranges of temperature and alloy 
composition for each of the alloy systems. The ten binary 
alloy systems selected are the systems of aluminum-copper, 
aluminum-magnesium, copper·gold, copper-nickel, copper· 
palladium, copper-zinc, gold-palladIUm, gold-silver, iron
nickel, and silver-palladium. Most of these alloy systems are 
amung lliu::;e fur which the hugel:il i:UlIounl:) of t.ll.perimelltai 

data are available. However, it will become evident that even 
for these alloy systems serious gaps still exist in the thermal 
conductivity data, as concerns dependence on both composi
tion and temperature, and that most of the available experi
mental data show large uncertainties or wide divergences. It 
was, therefore, necessary to set additional objectives: (1) to 
develop reliable methods for the estimation of the thermal 
conductivity of alloys, (2) to determine the extent to which the 
methods ordata estimation developed in this study are appli
<:able in general, and (3) to identify those areas where further 
theoretical and experimental research is needed. 

The systems selected include all three different kinds of 
binary alloy systems: nontransition-metal and nontransitioll
metal systems (aluminum-copper, aluminum-magnesium, cop
per-gold, copper-zinc, and gold-silver), nontransition·metal 

J. Phys. Chem. Ref. Data., Vol. 7, No.3, 1978 

and transition-metal systems (copper-nickel, copper-palla
dium, gold-palladium, and silver-palladium), and a transi
tion-metal and transition-metal system (iron-nickel). The in
clusion of this wide range of alloy systems in this study has 
tested the broad applicability of the methods developed for 
data estimation and synthesis. 

The resulting thermal conductivity values presented in this 
work include values of the total thermal conductivity, elec
tronic thermal conductivity, and lattice thermal conductivity. 
These values are designated as recommended or provisional 
values depending upon the level of confidence placed on the 
values and, hence, upon the uncertainty of the values as
signed. The ranges of uncertainties of recommended and pro
visional values are less than ±15% and between ±15% and 
±30%, respectively. Some of the lattice thermal conductivity 
values are designated also as typical values, of which the 
uncertainty is greater than ±;5U%. It should be noted that 
most of the resulting values are designated as recommended 
values and the uncertainty of the values is generally of the 
order of ± 10% _ 

The values generated are for alloys which are not ordered 
and have not been cold worked severely; the values would be 
higher for ordered alloys and lower at low temperatures for 
cold-worked alloys. 

The methods developed for the estimation of the thermal 
conductivity of alloys are detailed in section 2. These 
methods have been extensively tested with selected key sets 
of experimental data that are considered reliable through 
critical evaluation and analysis of the data and the details of 
measurement and through careful examination of the inter
nal consistency of the data and the consistency with other 
data. In these methods the electronic and lattice components 
of thermal conductivity are estimated separately. 

In alloys the principal carriers of thermal energy are elec
trons and phono.ns or lattice waves. At low temperatures the 
electrons are scattered mainly by solute atoms, and at higher 
temperatures the scattering of electrons by lattice waves 
becomes significant. The electronic thermal conductivity of· 
an aHoy is calculated from the electrical resistivity and ther
moelectric power of the alloy and the electrical resistivity and 
thermal conductivity of the constituent elements. 

At the lowest temperatures the lattice thermal conductivity 
of an alloy is limited by the phonon-electron interaction and 
phonon scattering by residual dislocations anchored in place 
by solute atoms; both of these resistive mechanisms result in 
approximately a 'P temperature dependence. At somewhat 
higher temperatures point-defect scattering and scattering by 
dislocation cores cause the lattice conductivity to depart from 
its 'P temperature dependence, and at still higher tempera
tures the combination of three-phonon anharmonic interac· 
tions and point-defect scattering cause the conductivity to 
decrease approximately as r-V2 • The lattice thermal conduc
tivity of a solid-solution alloy at temperatures above the 
region of its maximum can be calculated semi-theoretically 
based upon the Klemens-Callaway theory. At temperatures in 
the region of lattice conductivity maximum and below, how
ever, there is no adequate method available for the calcula
tion of the lattice thermal conductivity because the knowl
edge of both the phonon-electron coupling constant and the 
residual dislocation densities is lacking, and at present the 
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lattice thermal conductivity must be derived from experimen
tal data. 

In section 3 the procedures for data evaluation, analysis, 
synthesis, and the generation of recommended values are out
lined, including the procedures for data estimation using the 
methods detailed in section 2. The copper-nickel alloy system 
is used as an example for illustration. 

The values generated for the total thermal conductivity, 
electronic thermal conductivity, and lattice thermal conduc
tivity of each of the ten selected binary alloy systems and the 
experimental thermal conductivity data and information are 
presented in section 4. In the discussion of the thermal con
ductivity of each alloy system, individual pieces of available 
data and information are reviewed, details of data analysis 
and synthesis are given, the considerations involved in arriv" 
ing at the final assessment and recommendation are dis
cussed, the recommended values and the experimental data 
an:: cumpared, and the uncertainties in th~ recummended 
values are stated. For each of the alloy systems except two 
(aluminum-magnesium and copper-zinc), the values are given 
for 25 alloy compositions: 0.5, 1. 3, 5, 10(5)95. 97. 99, and 
99.5%, which greatly facilitates the interpolation of values 
for alloys with intermediate compositions. For most of the 
alloy compositions, the values cover the temperature range 
fWIll 4 K to tht: lSulhlulS tt:mpt:ralurt: ur 1200 K. 

At first ~ight many of the recommendations seem to be 
merely extensive extrapolations from a few sets of scattered 
experimental data, but in fact the recommended values for 
the electronic thermal conductivity are calculated from a 
large body of electrical resistivity data and those for the lat
tice thermal conductivity are calculated from well tested 
semi-theoretical methods. 

Conclusions of the present study and recommendations for 
further experimental and theoretical research are given in 
section 5. The complete bibliographic citations for the 191 
references are given in section 7. 

2. Theoreti"cal Background 

In metals and alloys the principal carriers of thermal 
energy are declruulS and lattice waves, and it. is commonly 
assumed that the total thermal conductivity is 

k=k"+k,,, (1) 

where k" is the electronic thermal con~uctivity and k8 is the 
lattice thermal conductivity; these are the thermal conductiv
ity cumpuIlt:IlLs due tu the transpurt of heat by the electrons 
and by the lattice waves or phonons, respectively. 

In most of the pure non-transition metals, conduction by 
lattice waves is negligible in comparison with conduction by 
electrons at all temperatures, but in alloys the lattice compo
nent is often comparable to and sometimes even greater than 
the electronic component at low temperatures and is not neg
ligible even at temperatures well above the Debye tempera
ture in some cases. Hence, in order to estimate the thermal 
conductivity of an alloy it is necessary to estimate both the 
electronic and lattice components. Since the principal ther-

mal resistance mechanisms differ in different temperature 
regions, it is necessary to devise different methods for mak
ing predictive estimates in different temperature regions. In 
the course of developing these methods a number of specific 
areas in which further experimental and theoretical studies 
are needed were identified. 

2.1. Electronic Thermal Conductivity 

In the alloys under consideration at temperatures below 
about 25 K the only significant contribution to the electronic 
thermal resistivity, We, is the scattering of electrons by solute 
atoms, so that the electronic thermal conductivity may be 
calculated from the Wiedemann-Franz-Lorenz relationship, 

(2) 

where WeO is the residual electronic thermal resistivity due to 
impurity scattering of electrons, eo is the residual electrical 
resistivity, T is the temperature, and Lo is the classical theo
retical Lorenz number and has a value of 2.443xlO-8V2K-2

• 

At higher temperatures the scattering of electrons by lat
tice waves becomes significant. At temperatures between 

about 25 K and 100 K the electronic thermal resistivity has 
commonly been estimated from the thermal analog of Mat
thiessen's rule, 

(3) 

where Wei is the intrinsic electronic thermal resistivity, which 
is the reciprocal of the intrinsic electronic thermal conductiv
ity, kei' of the "parent" element, and Matthiessen's rule 
states that the electrical resistivity is composed of a residual 
and an intrinsic component: 

(4) 

Equation (3) is based on the assumption that the deviations 
from Matthiessen's rule, lie='e-eO-ei' and its thermal 
analog, liW= We- WeO- Wei' can be neglected. This is not the 
case at higher temperatures; lie and liW may be significant 
even at temperatures below 100 K. These deviations may be 
taken into account by assuming that 'they are related by the 
WiedemQnnFrQnz Lorenz law: Ae/AW-LT, where L if! the 

Lorenz ratio which mayor may not be equal to Lo. This 
assumption is based on an argument by Klemens [1]1 which 
may be summarized as follows. 

The intrinsic electrical and thermal resistivities arise from 
interactions between electrons and phonons which take elec
trons from regions of momentum space where there are too 
many into regions where there are too few electrons relative 
to the equilibrium concentration. Since the phonon energies 
are relatively small, the electron energies are Ii"ttle changed 
by these interactions, and their initial and final states must 
both lie near the Fermi surface. 

I Numbers in brackets designate references listed in section 7" 
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In the case of electrical conduction the deviation of the 
distribution function from the equilibrium distribution due 
to the electric field is proportional [2] to a function,.f{k), of 
the direction of the electron wave vector, the sign of the 
deviation depending on the direction of the electron wave 
vector. The intrinsic ele,ctrical resistivity, Qi, is the result of 
the motion of electrons in k space through interactions with 
phonons to distant regions of the Fermi surface, involving 
substantial changes in the direction of k, which is a tfhorizon
tal" movement on the Fermi surface. 

In the case of thermal conduction, the deviation from the 
electronic equilibrium distribution due to the temperature 
gradient is proportional to the same functionJtk) of the direc
tion of the electron wave vector but it is also proportional to 
the reduced electron energy, tF(E-~)hcT, E being the elec
tron energy, ~ the Fermi energy, and x: the Boltzmann con
stant. Thus the sign of the deviation of the distribution func
tion can be changed not only by "horizontal"' movement on 
the Fermi surface but also by changing the sign of 11, which is 
a tfvertical" movement through the Fermi surface. These mo
tions in k space contribute approximately additively to the in
trinsic electronic thermal resistivify: We,;::; W Hi+ W Vi. Since 
flk) is the same for electrical and thermal conduction, 
horizontal movement is equally effective in both cases, so 
that Qi and W-Hi are related by the Wiedemann-Franz-Lorenz 
law. Now WVi depends on a local property of the Fermi sur
face and is, therefore, relatively insensitive to changes in the 
band structure due to alloying. On the other hand WHi, being 
due to motion of the electrons over large distances on the 
Fermi surface, is sensitive to changes in its overall shape, par
ticularly when these changes involve contact with the zone 
boundary which effectively short circuits the horizontal 
movement. Hence the change in, WHi on alloying is much 
larger than the change in WVi and makes the dominant con
tribution to the deviations from Matthiessen's rule. Thus, to a 
good approximation, the deviations from Matthiessen's rule 
and its thermal analog are related by the Wiedemann-Franz
Lorenz Law, 

(5) 

or 

(6) 

In applying eq (6), Wei and Qi are taken to be the intrinsic 
thermal and' electrical resistivities of the virtual crystal ob
tained for alloys containing ordinary metals, by linear inter
polation between the values for the elements. For alloys con
taining transition elements the intrinsic resistivities were 
interpolated according to .Mott's theory [3,4]. In Mott's 
theory the holes in the d band of palladium, for example, are 
filled by the s electrons of the silver atoms. These d band 
holes act as traps into which the conduction electrons ar~ 
scattered and account for the strong electron-phonon interac
tion in palladium-rich alloys. These holes are assumed to be 
filled when the silver concentration reaches 60 atomic per
cent so that the intrinsic resistivities for the silver-rich alloys 
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are taken to be those of silver and to increase linearly with 
palladium content for alloys containing less than 60 atomic 
percen t silver. 

For most alloys Wei is much smaller than the other term in 
eq (6) so that the error introduced in common practice by tak
ing Wei of the elements to be the reciprocals of their total 
thermal conductivities is also small. However, in dilute alloys 
of elements which do not have electronic thermal conductivi
ties comparable to those of the noble elements this error is 
significant, and Wei is therefore calculated in this work from 
the expression 

w ' = _1_ = ..l _ 1.. = _1_ - .Ii. (7) 
e, k ei ke T k-k g T' 

where f3 is the impurity-imperfection parameter of the ele
ment. The values of k and f3 of the elements are available 
from ref. [5y and the value:; of kg of an element at moderate 

and high temperatures are calculated from eq (36). The 
values of electrical resistivities of the ten selected binary alloy 
systems and their nine constituent elements used in eq (6) are 
available from ref. [7]. 

From. the argument leading to eq (6) it is clear that the 
value of L used therein should be that for horizontal motion 
on the Fermi surface, or for ela:;tic scattering; the value:; of L 
appropriate for use in eq (6) and in the Wiedemann-Franz
Lorenz law, which one might expect to be valid at high tem
peratures where phonons scatter electrons through large 
angles, are discussed below. 

It should be noted that eq (6) may not be valid in some 
,cases. If the deviations from Matthiessen's rule are due to the 
fact that two bands of electrons, such as those on the neck 
and belly regions of the Fermi surface, contribute significant
ly to the electrical conduction, then, in general, the devia
tions from Matthiessen's rule and its thermal analog are not 
related by the Wiedemann-Franz-Lorenz law. 

Significant deviations of the Lorenz ratio from its classical 
value can result from band structure effects and from elec
tron-electron scattering. 

The possibility of deviations due to band structure effects 
and the difficulties they present may be seen from the follow
ing. Assuming the existence of a relaxation time, the elec
tronic transport properties can be expressed through in
tegrals over reciprocal space of the form 

which for spherical symmetry [182] reduces to 

= _1_ co _ n 8fo 
K" 12n31i: J J_coV(E)T(E)(E ~) 8E dA dE. (9) 

Here 11. is the reduced Planck constant, v is the electron 
velocity, T is the relaxation time, E is the electron energy,fO is 
the Fermi-Dirac distribution function, ~ is the Fermi energy, 

2 The recommended values for the thermal conductivities of the elements given in 
ref. [5] in some cases are slightly different from those given in ref. [6], and the values 
given in ref. [5] are preferred and should be used whenever there is a difference, 



THERMAL CONDUCTIVITY OF BINARY ALLOY SYSTEMS 965 

and dA is an element of a constant energy surface in 
reciprocal space. In particular, the absolute thermoelectric 
power is given by 

S=_1_~ 
eT Ko 

and the Lorenz ration by 

=_1_~_S2 
e2 p Ko . 

(10) 

(11) 

Because of the factor a.r /a E which is large only near {, the 
usual procedure is to expand each integrand in a Taylor 
series about {. Retaining only the leading term of the series 
leads to the result L=Lo-52, where Lo is the classical 
theoretical Lorenz number. The values of L obtained from 
this result are uscd in cq (6) to give the equation employed in 

our calculations: 

(12) 

The values of absolute thermoelectric powers of the ten 
selected binary alloy systems used in eq (12) are available 
from ref. [40]. 

There is some question about the choice of Lo in the case of 
transition-element alloys. The difficulties occur also in the 
treatment of the pure transition metals, and will be reviewed 
briefly in that context. 

If, as in the case of some transition metals, a narrow band 
with a high density of states overlaps the conduction band at 
the Fermi energy, then at high temperatures it is necessary to 
include higher order terms in the series and this will cause a 
deviation of the Lorenz ratio from the classical value. It is 
possible, at least in principle, to evaluate the second order 
terms from the thermoelectric power and the series expansion 
for the electrical conductivity (see Williams and Fulkerson, 
1969 [8, pp. 443-7]). However, if the relaxation time is a 
strong function o(energy, as is the case in transition metals 
on the assumption [9] that it may be written as the reciprocal 
of the product of the density of states and a scattering proba
bility per unit time, then a Taylor series expansion about ~ 
may not be adequate to represent· the integrand over the 
energy range xT at high temperatures. In such cases the in
tegrals must be evaluated numerically. This has been done 
for Pd [10] and reasonable agreement between theory and ex
periment was obtained; the discrepancies wer,e presumably 
due to electron-electron scattering [II, p. 412] which occurs 
in both ordinary and transition metals. In ordinary metals, 
normal electron-electron scattering, in which electron quasi
momentum is conserved, contributes to the thermal resistiv
ity but not to the electrical resistivity and thus causes a 
negative deviation of the Loreni ratio. Such a deviation has 
been observed in eu [12,13]. In transition metals normal 
electron-electron interactions between sand d band electrons 
contribute to the electrical resistivity as well as to the thermal 
resistivity; these processes are very strong [14,15] and are 
generally thought to be responsible for the P temperature 

dependence of the electrical resistivity observed in these 
metals at low temperatures. The deviation of the Lorenz ratio 
due to electron-electron scattering may either enhance or par
tially cancel the effects of band structure. The latter appears 
to be the case in the group VIII elements [16]. The deviations 
of the Lorenz ratio of transition metals due to band structure 
effects are significant and cannot yet be calculated directly; 
further, in order to calculate correlations between the elec
trical resistivity and the Lorenz ratio, the· density of states 
function of the material must be known and there are diffi
culties in including the effects of electron-electron scattering 
in such an analysis. 

The Wiedemann-Franz-Lorenz law is valid in alloys at very 
low temperatures where one need consider only impurity scat
tering, and in both metals and alloys at high temperatures 
where phonons scatter electrons through large angles. Equa
tion (12) was dcvelopcd in ordcr to calculatc thc electronic 

component at intermediate temperatues. However, as is clear 
from the preceding discussion, in the case of transition-metal 
alloys there is considerable uncertainty about the values of 
the Lorenz ratio to be used in the Wiedemann-Franz-Lorenz 
law at high temperatures. The method tried was to interpo
late for the deviation from the classical value on the basis of 
the questionable assumption that the net deviation rcsulting 

from band structure effects and sod electron-electron scatter
ing is proportional to the number of holes in the d band. It 
was found that in the Cu-Ni system the resulting values of ke 
nowhere differed from those obtained from eq (12) by more 
than 5 percent and it was decided to use eq (12) over the en
tire temperature range above 25 K. 

In view of the uncertainties associated with eq (12), it is 
reassuring that the values obtained from it have been found 
to be in good agreement with the values of the electronic 
component obtained from experimental values of thermal 
conductivity considered to be reliable on the basis of the 
usual criteria. 

While a considerable amount of effort has been concen
trated on the study of deviations from Matthiessen's rule, far 
less attention has been given to their relation to the devia
tions from its thermal analog [1,17,18,185]. Work in this area 
is hindered by the failure of many authors to include the cor
responding electrical resistivity data when reporting thermal 
conductivity values. Further work in this area would help to 
determine the limitations of eq (12) and very probably lead to 
improvementlj on it. 

2.2. Lattice Thermal Conductivity 

The processes limiting lattice conduction are different in 
the temperature regions below, about, and above the temper
ature at which it has its maximum value. At very low tempera
tures, typically below one twentieth of the Debye tempera
ture, 8, these are the ordinary and impurity-induced 
electron-phonon interactions, and in strained specimens, 
phonon scattering by dislocations. These processes are also 
important in the temperature range in which the lattice com
ponerit has its maximum value, typically between 8/20 and 
8/5 for alloys of ordinary metals but considerably higher for 
some transition elements, but in this region point-defect scat-
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tering and three-phonon anharmonic interactions also con
tribute to the thermal resistivity. At temperatures above this 
region the important resistive processes in alloys of ordinary 
metals are three-phonon anharmonic interactions and point
defect scattering; in alloys containing transition, metals the 
effect of electron-phonon interactions may also be significant 
in the lower portion of this temperature range. This third 
region is the only one in which it is possible to estimate the 
lattice component on the basis of present theory. 

a. low Temperature Region 

The problem of calculating the coupling constant for the 
electron-phonon interaction is a very difficult one even in the 
simplest cases; in fact, measurements of low temperature 
alloy termal conductivity were initially undertaken to obtain 
information about this interaction. From results reported by 
Lindenfeld and Pennebaker [19] for Cu alloys it appeared 
that it might be possible to estimate the lattice component 
from electrical resistivity data on the' basis of present theory. 
This did not prove to be the case. It was found that values ob
tained from an expression which follows from the equations 
in ref. [19] differed from those obtained from measurements 
by as much as a factor of three. It is almost certain that these 
discrepancies are largely the result of the use of Pippard's 
early results [20] which are based on the free electron model; 
this simple model is inadequate for most metals and alloys. 

At temperatures below 8/20, the lattice thermal conductiv
ity of a pure ordinary metal may be calculated from an ex
pression 'derived by Klemens [21] 

k 
313 kei 'f4 

g= --n-4/=3-'84-- (13) 

wheTe n is the number of conduction electrons per atom, e is 
the Debye temperature, and kei is the intrinsic electronic 
thermal conductivity. Since in this region kef is inversely pro
portional to P, kg has a P temperature dependence. Equa
tion (13) IS based on the assumption of a reciprocal eUect ot 
the electron-phonon interaction on electronic and lattice con
duction and therefore does not apply to transition elements 
in which electron-phonon intpTlH~tion~ involving only d band 
electrons have little effect on electrical conductivity but may 
have a significant effect on lattice conduction. It also does 
not apply to alloys in which the electron mean free path is so 
short that the usual treatment of the electron-phonon interac
tion is invalid; typically, these are alloys in which the residual 
resistivity is 10,."Q cm or greater~ 

Howpvpr, if onp. attpmpt~ to pstimatp thp Irs of an alloy from 
this expression the value obtained is greater than the exper
imental value by a factor which increases rapidly with solute 
concentration up to approximately 10 atomic percent. A pos
sible explanation of this behavior is that it is due to phonon 
scattering by dislocations which are so strongly anchored by 
solute atoms that they remain even after prolonged annealing 
.At high tpmpf'TahlTP~. 'Thp pxperimental support for this idea 
is some recent measure'ments on Cu-AI alloys at the Universi
ty of Connecticut [22] which show that such behavior is not 
observed at temperatures below about O.5K, where the domi-
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nant phonon wavelengths are larger than the range of the dis
location strain fields so that scattering by dislocations is 
greatly reduced [23]. 

Consequently, at present one cannot make reliable esti
mates of the kg of alloys at low temperatures and it must be 
obtained by stubracting ke from the measured total thermal 
conductivity. Further, one can obtain reliable values of the kg 
from thermal conductivity measurments only in those cases in 
which the corresponding values of electrical resistivity are 
given, as there is often a significant variation in the resistivi
ties of specimens having the same nominal composition. It is 
unfortunate that while there is a sizable body of experimental 
data showing strong composition dependence of the low-tem
perature thermal conductivity of alloys, in most cases the cor
responding values of the electrical resistivity are not· re
ported, so that it is not possible to relate the changes in the 
two quantities. Finally, in view of the probability that resid
ual dislocations are responsible for a large portion of the 
thermal resistivity, one cannot reliabily extrapolate curves of 
the lattice component down to temperatures below about 1.5 
K. 

In order to make it possible to estimate the lattice compo
nent at low temperatures by other than empirical means, it is 
necessary to develop both a quantitative theory of impurity 
enhancement of the phonon scattering in alloys of ordinary 
metals and a theory of low temperature lattice conduction in 
transition element and high residual resistivity alloys. It 
seems that progress in these directions will involve the use of 
Pippard's more general equations (24] which apply to a non
spherical Fermi surface, taking into account changes in its 
shape with the addition of solutes. However, application of 
this theory to transition metals presents a difficult problem. 
Since electrical conduction is mainly by s band electrons, the 
residual resistivity is a measure of the mean free path of the s 
electrons and providcs no information about thc mean free 
path of the d band holes, which is probably very short. 

b. Intermediate Temperatures 

At temperatures near the maximum of the lattice compo
nent the resistive processes which limit lattice conduction at 
\OWPT ami highpr tpmper::ltuTes are comparable in magnitude 
and the problem of estimating the lattice compone'nt in this 
region is a formidable one. It is, first, because of the difficul
ties associated with the electron-phonon interaction discussed 
above and, secondly, because the treatment of the resistive 
three-phonon anharmonic interaction in this region is com
plicated by the fact that here the strength of these interac
tion~ i", .A TApic11y varying function of temperature. 

At present there is no method available for the calculation 
of kg in this temperature region. In this work the values of kg 
in this region are derived from experimental data and the 
calculated values of ke • 

c. High Temperature Region 

At temperatures above the region of the maximum of the 
lattice component, typically 8/5 for alloys of ordinary metals 
but considerably higher for some transition-element alloys, it 



THERMAL CONDUCTIVITY OF BINARY ALLOY SYSTEMS 967 

is possible to estimate the lattice thermal conductivity on the 
basis of a theory developed by Klemens [25] and Callaway 
[26] assuming that the effect of the electron-phonon interac
tion can be neglected; this is not the case for some transition 
elements in the lower portion of this temperature range. 

The reciprocal relaxation time for the thermally resistive 
three-phonon anharmonic interactions, U-processes, at fre
quencies not too close to the Debye limit is of the form BTw2 

where B is a constant determined from experiment, T is the 
temperature, and w is the frequency of the lattice wave. The 
reciprocal relaxation time for point-defect scattering is of the 
form (a3 14nv3

) £ w4 where a3 is the average volume per atom, 
v is the speed of sound, and £ is a quantity which character
izes the perturbation due to mass defects and distortions of 
the lattice. In addition, there are three-phonon anharmonic 
interactions, N-processes, which do not contribute directly to 
the thermal resistivity but do contributc indirectly by redis 

tributing energy from the low frequency modes to the high 
frequency modes which are strongly scattered by the point 
defects. The reciprocal relaxation time for N-processes has 
the same form as that for the U-processes and, as argued by 
Klemens et a1. [27], appears to have approximately the same 
magnitude in this temperature region. 

Since N-processes do not contribute directly to the thermal 

resistivity, the effective total reciprocal relaxation time is not 
simply the sum of the individual reciprocal relaxation times. 
Callaway devised a formalism in which the N-processes are 
effectively taken into account for steady state lattice conduc
tion. 

Callaway found that the lattice thermal conductivity is 
given by 

(14) 

where 

Ie= JBIT Te 
x4e% 

dx, (15) 
° (e%-I)2 

Ib=JBIT~ x4 e% 
dx, (16) 

o TN (e%-I)2 

Ie= JIIIT_I_ (l-~) x4 e% 
dx, (17) 

o TN . TN (e%-I)2 

and x: and n are the Boltzmann constant and the reduced 
Planck constant, v is the speed of sound, and x= n wlx:T is 
the reduced phonon frequency. Here Te is a combinedrelaxa
tion time, obtained as the reciprocal of the sum of the recip
rocal relaxation times for the various interactions, TN is the 
relaxation time for N-processes, and the term h 2 lIe occurs 
because of the difference between Te and the effective total 
relaxation time resulting from the fact that N-processes do 
not contribute directly to the thermal resistivity. 

Writing the reciprocal relaxation times for point-defect 
scattering, V-processes and N-processes as Tp -

1=Aw4
, 

Tu- 1=BTw2, and TN- 1=aBTw2 respectively, where a is the 
temperature-independent ratio of reciprocal relaxation times 
for N- and U-processes, the reciprocal combined relaxation 

time when the lattice thermal conductivity is limited by these 
interactions is 

so that 

and 

aBTw2 (Aw2+BT) 
Aw2+BT(l+a) 

(18) 

(19) 

aBT ) (20) 

Upon denoting the frequency at which the reciprocal relax

ation times for point-defect scattering and V-processes are 
equal by Wo, noting that wo2=BTIA, and introducing the 
reduced frequency x=liwlx:T, so that xo=liwo/x:T, these rela
tions become: 

and 

Te-l=BTwl(l+a+w2/wOl) 

=BT ~ "[ ) ~2(1+a+x2 I Xo2), 

~ = __ --=-a __ _ 
TN l+a+w2/wo2 

( 
x:T)2 = aBT -li- x2 (l+x2/ xo2

). 

l+a+x2/ xo2 

Thus, for the present case, eqs (15) to (17) become: 

( 1i)2 I 
x:T (l+a}BT I2(81T) 

( x:I )2 _a-=B....::.T_ 
1£ (l+a) 

Substituting eqs (24) to (26) into eq (14) yields 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 
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kg = [21fliv (l + a) B] x 
(27) 

where In (811) is the modified transport integral given by 

and Xo is the reduced frequency at which the reciprocal relax
ation times for V-processes and point-defect scattering are 
equal; that is (see eq (32» 

Ii j4irv3 B 
Xo = /i(')ollCT = - --.-. 

" a" £1 
(2Q) 

Equation (27) is for the lattice thermal conductivity as 
limited by both point-defect scattering and three-phonon 
anharmonic interactions. In the limit of vanishing point
defect scattering, when the thermal conductivity is limited by 
three-phonon anharmonic interactions only (denoted byk .. ), 
Xo becomes" infinite so that the modified transport "integral 
In (811) reduces to the standard transport integral In (811) 
and eq (27) reduces to 

,,2 
k .. = [21fliv(l +a)B] [12(811) +aIi (811)116 (811)], (30) 

where 

(31) 

k .. is the high-temperature lattice thermal conductivity of an 
isotopically pure element; in the case of an alloy it is the lat
tice thermal conductivity of an idealized "virtual" cry-stal in 
which each atom has the same average mass and volume of 
the alloy. Point defect scattering is that scattering which 
results from the fact that the actual atoms do not have these 
ma55e5 and volume5. The tabulated valu~s for J" iire iiviiiliiLle 

from the literature [186]. 
The quantity £ in the expression for the reciprocal relaxa

tion time for point-defect scattering, 

(32) 

is calculated from the expression 

[
M-M (V.-V)]2 

£=YL ++y \~ 
(33) 
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where M and V are the average atomic mass and volume, YL, 
ML , and VL are the atomic fraction, mass, and volume of the 
lighter element,YH' MH,and VH are the corresponding values 
for the heavier element, and y is the Griineisen parameter. M 
is calculated in the usual way, y is obtained by linear inter
polation, and V is estimated from Vegard's law, 

(34) 

where Y is the atomic fraction of the solute and V1 and V2 are 
the atomic volumes of the solute and solvent elements respec
tively. The mass defect terms are based on the results of 
Klemens [28] and Tavernier [29] who respectively treated the 
case of a light atom in a heavy matrix and that of a heavy 
atom in a light matrix. The difference lies in the response of 
the atom to the driving frequency of a wave; in the former 
ease the atom ean respond rapidly enough that the speed of 

oscillation may be considered unaffected so that the. pertur
bation is proportional to the deviation from the average mass 
while in the latter case it is better to consider the momentum 
as being unaffected so that the perturbation is proportional 
to the difference of the reciprocals of the average arrd impuri
ty masses. The distortion terms and the form of E: are based 
on the results of Ackerman and Klemens [30] who redis-" 

covered the fact, as Carruthers [31] first noted and contrary 
to what is often stated, that the displacement field of a spher
ical impurity in an elastic continuum has a non-vanishing 
non-uniform dilation and used a treatment that retained the 
phase relationship between the effects of the dilation and 
mass defect. Equation (33) does not take into account the 
difference, A/, in the force constant due to the mismatch of 
atomic bonds; however, neutron scattering and Mossbauer 
experiments [32,33] indicate that A/is very small. 

The coefficient in eq (27) is the same as the coefficient in 
eq (30) and is estimated from the latter. This is done by esti
mating 8 in the manner described below, estimating k .. of the 
virtual crystal at some temperature T' below the Debye tem
perature, for want of something better, by linear interpola
tion between the values for the elements, and taking a equal 
to unity; it has been found that the values of kg are not sensi
tive to small changes in a. Then kg is estimated from the ex
pression 

12 (811) + Ii (811)/[/6 (811) + /s (BI1)lxo2] 
12 (8IT')+ Ii (BIT')II6 (8IT') 

which, for a pure element, reduces to 

k - k (T') 12 (811) + Ii (811)116 (811) 
g -.. IdBIT') + Ii (81T ')116 (BIT') 

(35) 

(36) 

Equations (35) and (36) are the equations used in our calcula
tions for the lattice thermal conductivity of alloys and of pure 
elements, respectively. It should be noted that eq (35) applies 
only to disordered solid-solution alloys. 



THERMAL CONDUCTIVITY OF BINARY ALLOY SYSTEMS 969 

The accuracy of the estimates obtained from eq (35) clearly 
depends on the accuracy of the values of ku for the virtual 
crystal. Experimental values of ku for the elements, which es
sentially are the values of the lattice component of very dilute 
alloys, are available for only three of the metals included in 
this study: Cu, Au, and Ag. However, it was found that the 
experimental values for these metals each differed from the 
values obtained from the modified [34] Leibfried-Schlomann 
[35] equation by approximately the same factor. Accordingly 
initial estimates of the values of ku for the other elements 
were obtained from this equation multiplied by the reciprocal 
of that factor, i.e., 

I M (J3 f11/3 
kuT = 5.7 x 10-8 

(y + 0.5)2 , (37) 

where M. fJ. y. and V have the same meanings as before. It is 
unfortunate that in this equation the Debye temperature is 
raised to the third power, as the high temperature values of 
the Debye temperature obtained from various physical prop
erties differ considerably. The values of the Debye tempera
tures and other parameters used in eq (37) for the nine ele
ments constituting the ten selected binary alloy systems 
covered in this work are given in table 1. 

TABLE 1. Parameters for the calculation of lattice thermal conductivity of 
elements using equation (37)0 

M V Y e 
Element (g mol-I) (cm3mol- l ) (K) 

Aluminum 26.98154 10.00b 2.18 385 
Copper 63.54 7.l14 1.97 313' 
Gold 196.9665 10.22 3.09 160 
Iron 55.847 7.094 1.81 373 
Magnesium 24.305 14.00' 1.63 363 
Nickel 58.71 6.593 2.00 355 
Palladium 106.4 8.879 2.18 264 
Silver 107.868 10.27 2.46 213' 
Zinc 65.38 9.165d 2.05 326 

o The values of y and e are selected from ref. [36] with some of the values 
adjusted in order to be consistent with the 'experimental thermal conductivi
tydata. 

b In calculating E, the molar volumes used for aluminum were 8.576 and 
9.032. The first value corresponds to the size of aluminum atoms in copper 

as determined from the change in the lattice parameter of copper upon the 

addition of aluminum [37, Vol. 1]. The second value was obtained from the 
change in the volume of the primitive cell upon the addition of aluminum to 

magnesium as calculated from the changes in the lattice parameters of mag· 
nesium upon the addition of aluminum [37, Vol. 2]. 

• In calculating E, the molar volume used for magnesium was 13.77 corres
ponding to the size. of magnesium atoms in aluminum as determined from 
the change in the lattice parameter of aluminum upon the addition of mag
neshim [37, Vol. 2]. 

d In calculating E, the molar volume used for zinc was 8.534 corresponding 
to the size of zinc atoms in copper as determined from the change in the lat
tice parameter of copper upon the addition of zinc [37, Vol. 2] . 

• This value was not used for the Cu-Ni and Cu-Zn alloy systems (see sec
tions 4.3 and 4.6). 

'This value was not used for Ag-Pd alloy system (see section 4.10). 

While in some cases it was possible to improve on the ini
tial estimates of ku for some elements on the basis of experi
mental data for a range of compositions, in others it was not, 
and the estimates of the lattice thermal conductivities of 
alloys containing the latter elements are accordingly less 
reliable than those containing the former. While measure
ments of the thermal conductivity of very dilute alloys of ad
ditional elements would make possible more reliable esti
mates of alloy lattice thermal conductivity, in view of the 
uncertainty of the separation of the electronic' and lattice 
components 'of very dilute alloys at temperatures above that 
of the maximum of the lattice component, it would also be 
useful to have measurements of the thermal conductivity of 
some more concentrated alloys of pairs of these elements in 
this temperature range. 

The value of the Debye temperature, e, for the upper limit 
of the integrals in eq (35) is estimated from the value of ku for 
the virtual crystal by means of the modified Leibfried
Schlomann equation, adjusted to yield values for the la~tice 
component in agreement with those obtained from experi
mental data on very dilute alloys as described abovE'" 

fJ= 260 [(y+ 0.5)2 kuTJ Va 

Mf11/a ' 
(38) 

where y is the Griineisen parameter, and M and V are the 
average molar mass and volume. 

Agreement between the values obtained from eq (35) and 
those obtained from measurements of thermal conductivity 
for the various alloy systems is discussed in the text; in gen
eral, it was better for alloy systems exhibiting complete solid 
solubility. Another general result is that the values from eq 
(35) for dilute alloys tended to be too low at the low end of this 
temperature range. A possible explanation of this discrep
ancy is that the present treatment does not take into account 
the "freezing out" of U-processes which occurs when the 
temperature is reduced to the point at which there are few 
phonons having wave vectors of sufficient length to parti
cipate in such processes. Such a reduction inU-processes 
could significantly reduce the thermal resistivity of dilute 
alloys but cause only a small decrease in the thermal resistivi
ty of dense alloys. 

The most important deficiency .of the present treatment is 
that the analysis leading to eq (35) does not include the 
electron-phonon interaction, for which an adequate theory 
has not yet been developed. It is for this reason that, in the 
absence of experimental data, the lattice component of the 
transition-element-rich alloys could be reported only at 
temperatures above their Dehye temperature . 

At high temperatures the values obtained from eq. (35) are 
nearly the same as those from an approximate expression 
derived independently by Abeles [38] and Parrott [39], but 
there are significant differences below the Debye tempera
ture, where the high temperature approximation used by 
these authors, 

ceases to be valid. However, because of a partial cancellation 
of errors these differences are much smaller than might be 
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expected from the use of the high temperature approxima
tion. 

The use of eq (35) rather than an approximate expression 
for the calculation of the lattice thermal conductivity is to 
some extent a reflection of the present availability of high
speed digital computers. The expression for the quantity E., 

eq (33), which takes into account the point-defect scattering 
due to both the mass difference and the distortion of the lat
tice and is first derived and given in the present work, is def
initely an improvement of the theory. 

3. Data Evaluation and Generation of 
Recommended Values 

Due to the difficulties in accurate measurement of the ther
mal conductivity of solids and in adequate characterization 
of test specimens, the available experimental data on the 
thermal conductivity of solids from the world literature are in 
many cases widely divergent and subject to large uncertainty. 
It 1!;, therp.fnrp., vp.ry impnrtant tn critically p.va}uate the 

validity and reliability of the available data and related in
formation, to resolve and reconcile the disagreements in con
flicting data, and to generate recommended values. For the 
thermal conductivity of alloys, furthermore, there are serious 
gaps in the experimental data for either the temperature de
pendence or composition dependence or both. Hence, in ad
dition to the critical evaluation and analysis of the existing 
data, methods for the calculation of the thermal conductivity 
of alloys were developed, as detailed in section 2, in order to 
generate estimated or synthesized values for filling the gaps 
in data and for checking the validity, consistency, and reli
ability of experimental data. These methods are essentially 
semi-empirical and require experimental information as in
put for calculations and adjustments. The reliability of these 
methods has been extensively tested by using selected key 
sets of reliable experimental data on alloys in various binary 
alloy systems. 

In the critical evaluation of the validity and reliability of a 
particular set of thermal conductivity data, the temperature 
dependence of the data was examined and any unusual de
pendence or anomaly carefully investigated, the experimental 

technique was reviewed to see whether the actual boundary 
conditions in the measurement agreed with those assumed in 
the theory and whether all the stray heat flows and losses 
were prevented or mmimized and accounted for, the reduc
tion of data was examined to see whether all the necessary 
corrections had been appropriately applied, and the estima
tinn nf uncertainties was checked tn ensure that all the pnssi

ble sources of errors had been considered. 
Experiniental data could probably be judged to be reliable 

only if all sources of systematic error had been eliminated or 
minimized and accounted for. Major sources of systematic er
ror include unsuitable experimental method, poor experi
mental technique, poor instrumentation and poor sensitivity 
of measuring devices, sensors, or circuits, specimen andlor 
thermocouple contamination, unaccounted for stray heat 
flows, incorrect form factor, and perhaps most important, the 
mismatch between actual experimental boundary· conditions 
and those assumed in the analytical model used to derive the 
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values of thermal conductivity. These and other possible 
sources of errors were carefully considered in critical evalua
tion of experimental data. 

The uncertainty of a set of data depends, however, not only 
on the estimated error or inaccuracy of the data but also on 
the inadequacy of characterization of the material for which 
the data are reported. For instance, suppose a set of thermal 
conductivity data obtained for a severely cold-worked speci
men of brass with a composition of 70.06% Cu, 28.77% Zn, 
and 1.17% Pb is accurate to within 5% at low teIpperatures. 
If the author knew and reported his ·specimen only as 70:30 
brass, the uncertainty of his data for a 70:30 brass would not 
be just 5% but might exceed 20%. It was found in this and 
other studies that the chemical composition of a specimen 
reported by the author is often unreliable. This may be 
because in many cases the stated composition was the result 
of ladle analysis which the author obtained from the company 
who supplied the specimen and it could at best represent only 
the nominal composition; the actual composition varied from 
sample to sample. In other cases there was a strong tendency 
for only certain elements to be detected by a particular 

chemical analysis which could miss other important constitu
ents. Furthermore, the chemical composition of a specimen 
might change when it was measured at high temperatures. 
For binary alloys it was found that in many cases the actual 
composition of a specimen might better be inferred from its 
electrical resistivity if reported. 

In the process of critical evaluation of experimental data 
described above, erroneous data were eliminated. The re
maining data were then subjected to further analysis and 
used for data synthesis. For those test specimens for which 
experimental data on both the thermal conductivity and elec
trical resistivity were reported, the electrical resistivity data 
were used for the calculation of electronic thermal conductiv
ity values using eq (12). Lattice thermal conductivity values 
were derived as the differences of the experimental k data 
and the calculated ke values. These "experimental" kg values 
derived from different sets of experimental k data were then 
intercompared with one another and also compared with the 
calculated values from eq (35) regarding their temperature 
dependence and magnitude. During these comparisons, the 
validity and reliability of the available experimental data 

could further be judged. The electrical resistivity data re
ported for the test specimens on which thermal conductivity 
measurements were made were also evaluated critically in 
connection with evaluation of all the electrical resis·tivity data 
available from the literature for each of the alloy systems, 
from which the recommended electrical resistivity values 
were generated. 

As detailed in section 2, values of the electronic thermal 
conductivity of alloys were calculated from eq (12), which is 
applicable to alloys in both the solid solution region and the 
mechanical mixture region. In this calculation, the recom
mended electrical resistivity values for the selected composi
tions of the present ten alloy systems and their constituent 
elements are available from ref. [7], the recommended ther
moelectric power values are available from ref. [40], the rec
ommended thermal conductivity values and the values of (3 
for the elements are available from ref. [5], and the lattice 
thermal conductivity values of the elements used as correc-
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tions in the calculation of Wei from eq (7) are calculated from 
eq (36). 

Values of the lattice thermal conductivity of alloys in the 
region of solid solubility were calculated from eq (35). The 
values of ku of the virtual crystals of alloys used in eq (35) for 
calculations were obtained by linear interpolation between 
the values of ku of the two constituent elements. In the initial 
calculations, the ku values of elements used for generating the 
ku values of alloys were either the experimental values if 
available or the calculated values from eq (37). The values of 
the Debye temperature for the upper limit of the integrals in 
eq (35) were estimated from eq (38). It is important to note 
that eq (35) is applicable only to disordered solid-solution 
alloys and only for moderate and high temperatures. Beyond 
the solid solution region and at low temperatures, the lattice 
thermal conductivity was first obtained as the difference of 
the experimental total thermal conductivity and the calcu
lated electronic thermal conduclivity. The "experimental" kg 
values so obtained were then graphically smoothed and syn
thesized to obtain the kg values for alloys of the selected com· 
positions. In the solid-solution region and at moderate and 
high temperatures, the "experimental" kg values were used 
to check the kg values calculated from eq (35). If there were 
disagreements and the ffexperimental" kg values were con· 
~jden:d reliaLle, Lilt: ku value~ of elemel1l~ would Le adju:'Led 

so that the calculated kg values of alloys were in agreement 
with the "e~perimental" kg values. 

In some instances only the total thermal copductivity, ob
tained by smoothing experimental data, and the electronic 
component, obtained from eq (12), are given. In these cases 
the user is cautioned against obtaining the lattice component 
by subtraction as this may lead to unphysical values for the 
lattice component due to the uncertainties in the tabulated 
values. 

For alloys not consisting of a continuous series of solid 
solutions the values of the thermal conductivity are derived 
from the experimental data on specimens in which the solid 
solution phase is presumably frozen in. This may not be the 
case for all specimens and the results may not be quite repro
ducible; thi~ is particularly true for the AI-Cu and AI-Mg alloy 
systems. For this reason, the values in the temperature range 
in which the phase structure is uncertain are provisional 
rather than recommended. 

In graphical smoothing and synthesis of data, cross
plotting from conductivity versus temperature to conductivity 
versus composition and vice Velll.!C1 wall.! often u~ed. SmooLh 

curves were drawn which approximate the best fit to the con
ductivity data versus temperature, and points from the 
smoothed curves were used to construct conductivity versus 
composition curves for a convenient set of selected temper
atures. In the conductivity "versus composition graph, the 
families of isotherms were similar and any required 
smoothing of the data could be done more easily and with 
greater confidence than when working directly with the 
conductivity-temperature curves. The points from the 
smoothed curves were then used to construct conductivity
temperature curves for the selected compositions, and these 
curves were further smoothed. In the graphical smoothing 
process it is extremely important that the alloy phase dia-

grams [104,183,184] be constantly consulted and the phase 
boundaries between solid solutions andlor mechanical mix
tures and the boundaries of magnetic transitions be kept in 
mind, so as to be aware of any possible discontinuity or 
sudden change of slope in the thermal conductivity curves. 

The total thermal conductivity values were thus obtained 
as the sum of the ke values calculated from eq (12) and the kg 
values derived from the "experimental" kg values or calcu
lated from eq (35), which might have been" adjusted to fit the 
"experimental" kg values if such values were available and 
reliable. 

The copper-nickel alloy system is here used as an example 
to show some of the input data used for calculations and to il
lustrate some of the points discussed above. The recom
mended electrical resistivity values for the Cu+Ni alloys and 
for the Ni+Cu alloys are shown separately in figures 1 and 2; 
these were used in eq (12) for the calculation of the electronic 
Lheuual l;uudUl':LiviLy valueli. The~e elel;LJil;al re~i~LiviLy val

ues were generated from both the electrical resistivity data 
reported for the test specimens on which thermal conductivi
ty measurements were made and those extracted from the 
electrical resistivity literature for all other alloys of the 
copper-nickel system. As shown in figure 2, the electrical re
sistivity versus temperature curves for Ni+Cu alloys change 
:,lupe aLruptly at the Curie tempentture of the alluy~. The 

Curie temperature decreases as the concentration of copper 
in the alloy increases. The ferromagnetism disappears and 
the Curie temperature drops to zero as the concentration of 
copper reaches 61.88% (60 At. %). The insert in figure 2 
shows the Curie temperature as a function of percent copper 
in nickel, which is a straight line for the atomic percent of 
copper. Since the behavior of the electrical resistivity of these 
alloys has a direct bearing on the behavior of the thermal 
conductivity, the knowledge of the former is important to the 
understanding of the latter. 

The recommended thermoelectric power values for the 
Cu + Ni alloys and for the Ni + Cu alloys are shown separately 
in figures 3 and 4; these were likewise used in eq (12) for 
calculation. Figure 4 shows also the Curie temperature of 
each alloy as the point at which the slope of the curve 
changes abruptly. 

In order to demonstrate the validity and reliability of the 
methods developed for the calculation of the thermal conduc
tivity of alloys, a graphical comparison of the calculated 
values with the experimental data for the thermal conductivi
ty of some of the alloys of the copper-nickel alloy system is 
given in figure 5. The calculated values. for each alloy are 
shown as a short-dashed curve which is paired with the exper
imental curve for the same alloy. For each of these a"lloys both 
the experimental thermal conductivity and electrical resistivi
ty data are available, and the calculated thermal conductivity 
values were obtained by using the author's electrical resistivi
ty data directly for the calculation of the electronic compo
nent, with the lattice component obtained by quadratic inter
polation of the lattice thermal conductivity values given in 
table 11 for the selected fixed compositions. The measure
ment information on these alloys can be found in table 12 for 
the Cu+Ni alloys and table 13 for the Ni+Cu alloys by referr
ing to the corresponding curve numbers indicated in figure 5. 
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It can be seen from figure 5 that the calculated values 
agree very well with the data of Smith and Palmer [49] 
(Cu+Ni curves 6 and 7), of Berman [70] (Cu+Ni curve 21), of 
Mikryukov [144] (Cu+Ni curve 43), and of Kierspe [83] 
(Cu+Ni curve 67) to within 1 to 2%, agree with the data of 
Barratt [127] (Cu+Ni curve 12), of Zimmerman [130] (Cu+Ni 
curve 17), and of Aoyama and Ito [134] (Cu+Ni curve 36) to 
within 3 to 5%, aI1d agree with the data of Smith [45] (Ni+Cu 
curve 3) to within 6%. The calculated values are in agree
ment to within 4% with the data of Griineisen and Goens 
[128] (Cu+Ni curve 13) at 83 K but are 10% above their data 
at 21 K. Their experimental data at 21 K is believed t"o be low 
since this thermal conductivity data is inconsistent with their 
electrical resistivity data and since their other similar me as
urementsat 21 K on Cu+Au, Au+Cu, Cu+Pd, and Pd+Cu 
alloys are also low. 

The data of Sager [77] (Cu+Ni curves 10 and 11) are good 
examples for showing the inconsistency between the thermal 
conductivity and the electrical resistivity data and for con
vincing that calculated thermal conductivity values can be 
much more accurate than the experimental data. At the lower 

temperature end the differences between Sager's data and 
the thermal conductivity values calculated from his own elec
trical resistivity data for the two alloys are only 3% (Cu+Ni 
curve 10) and 7% (Cu+Ni curve 11). At higher temperatures, 
however, his data increase very rapidly, and the differences 
reach 31 % and 104% at 990 K. By comparing the slopes of 
his two experimental r.lIrvp~ with tho!;:" of other curves, it is 

apparent that his thermal conductivity measurements were 
much in error, which might very well be due to radiation heat 
loss in his measurements. 

Greig and Harrison [78] did not report electrical resistivity 
data for their alloys directly and the data used for calculation 
were derived from reported Lorenz number and thermal con
ductivity data. This may cause some of the differences be
tween their experimental thermal conductivity data (Ni+Cu 
curves II and 12) and the calculated values,· which mostly 
amount to 5 to 15%. The discontinuity at IS K in the calcu
lated thermal conductivity values for Ni+Cu curve 11 is due 
to the discontinuity in the electrical resistivity data used for 
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calculation, but in reality there should be no such discon
tinuity at 15 K. 

As mentioned earlier, for those alloys for which experimen
tal data on both thermal conductivity and electrical resistivity 
were reported, the electrical resistivity data were used for the 
calculation of ke values from eq (12), and ke v1l1ues were 
derived as the differences of the experimp.ntal k data and the 
calculated ke values. Such derived Hexperimental" kg values 
for the copper-nickel alloy system at 300 K are shown in 
figure 6 as data points, together with the calculated ke values 
from eq (35) shown as a solid curve. The mag~itude of the 
calculated kg values depends on the selected ku values for the 
elements copper and nickel, from which the ku values of the 
virtual crystals of alloys were determined. As stated in section 
2.2, experimental data on k .. are available for copper but not 
for nickel. White [91] reported an experimental value of kuT 
for copper as 35.0 W cm- 1 at temperatures above 60 K and 
this value was used in eq (35) for calculation. The value of kuT 
for nickel estimated from the modified Leibfried-Schlomann 
equation (37) varies considerably depending upon the select
ed value of the Debye temperature used in the calculation. It 

can be seen from figure 6 that a higher value of ku for nickel, 
which would make the calculated ke values higher especially 
on the nickel-rich side, would render the calculated curve bet
ter fitting to the experimental kg values for nickel-rich alloys. 
However, this would make the calculated kg values too high 
for the copper-rich alloys. The experimental kg values for 
ni,..kpl-ri,..h l'Illoys al; !;:hown in figure 6 are known to be very 

uncertain and those for copper-rich alloys are much more re
liable. Between the two kuT values 52.5 and 45.0 W cm- 1 for 
copper and nickel, the k .. values of the virtual crystals of al
loys were obtained by linear interpolation and used in eq (35) 
for the calculation of kg values for all the alloys at 
temperatures above the region of the maximum in kg. 

Since it -is of interest to observe the variation of thermal 
conductivity with alloy composition at various temperatures, 
the conductivity-composition isotherms for the copper-nickel 
alloy system are presented in figure 7 together with some of 
the expenmental data. 
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4. Thermal Conductivity of Binary 
Alloy Systems 

In this work, the term Hbinary alloy system" refers to the 
full range of composition of two alloying elements and is 
signified by a hyphen between the two elements, such as alu
minum-copper alloy system. The term "binary alloys" refers 
to a group of binary alloys in which the first alloying element 
is predominant and is signified by a plus between the two ele
ments, such as aluminum + copper alloys. In specifying the 
composition of an alloy, weight percent is denoted by % and 
atomic percent by At. %. 

In each of the subsections that follow, the thermal con
ductivity data and information for each alloy system are 
presented in the following order: discussion text, figures for 
comparing recommended curves with experimental data for 

selected alloys, tables of recommended values, figures pre
senting recommended curves, figures presenting experimen
tal data, and' tables on specimen characterization and 
measurement information. ' 

In the discussion text on the thermal conductivity of each 
alloy system, individual pieces of available data and informa
tion are reviewed, details of data l'Inl'llY!;l!Oi and synthesis are 
given, the considerations involved in arriving at the final 
assessment and recommendation are discussed, the recom
mended values and the experimental data are compared, and 
the uncertainties of the recommended values are stated. 

In the figures for comparing recommended thermal con
ductivity values with experimental data for selected alloys 
mentioned in the discussion text, the recommended thermal 
conductivity values for the specific alloy compositions shown 
as smooth solid curves were obtained by quadratic interpola
tion of the recommended total thermal conductivity values 
given in the table for the selected fixed alloy compositions. 

The values given in the tables of recommended values in
clude those of the total thermal conductivity, electronic ther
mal conductivity, and lattice thermal conductivity. These, 
values are designated either as recommended or provisional 
values depending upon the level of confidence placed on the 
values and, hence, upon the uncertainty assigned. The ranges 
of uncertainties of recommended and provisiunal valut:l:> art: 

less than ±15% and between ±15% and ±30%, respectively. 
Some of the lattice thermal conductivity values are desig
nated . also as typical values, of which the uncertainty is 
greater than ±30%. In the tables the third significant figure 
is given for the thermal conductivity values; this, however, is 
only for internal comparison and for tabular smoothness and 
~hould not be com;idered indicative of the degree of accuracy 

or uncertainty. The uncertainty of the values is always explic
itly stated. For each of the alloy systems except two, the 
values are given for 25 alloy compositions: 0.5, 1, 3, 5, 
10(5)95, 97, 99, and 99.5%. The corresponding atomic per
cent of each weight percent composition is also given. For 
most of the alloy compositions, the values cover the t~mpera
ture range from 4K to the solidus temperature or 1200 K. The 
residual electrical resistivity of each alloy composition is also 
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given in the table, which is for the purpose of helping to 
characterize and identify the alloy for which the thermal con
ductivity values are given. The uncertainties of the total ther
mal conductivity values for each· alloy in different tempera
ture ranges are stated in a footnote to the table. 

The recommended thermal conductivity values presented 
in this work are for alloys which are not ordered and have not 
been cold worked severely. The values would be higher for 
ordered alloys and lower at low temperatures for cold-worked 
alloys. 

In the figures presenting recommended thermal conductiv
ity curves, continuous (solid) curves represent- recommended 
values and long-dashed curves represent provisional values. 

The short-dashed portion of any of the above two kinds of 
curves represents values in the temperature range where no 
experimental thermal conductivity data are available. In six 
of the 19 figures presenting the recommended curves, some 
of the curves belonging to the other alloy group of the same 
alloy system are also shown in the figure in order to show 
more clearly (he systematic variation uf lhe lht:nuul comluc

tivity with alloy composition and to clarify the confusion in 
the figure for the other group due to crossover of curves. 

In the figures presenting experimental data, a data set con
sisting of a single point is denoted by a number enclosed by a 
square, and a curve that connects a set of two or more data 
points is denoted by a ringed number. These numbers corre
spond to those given in the accompanying tables on specimen 
characterization and measurement information. When sever
al sets of data are too close together to be distinguishable, 
some of the data sets, though listed in the table, are omitted 
from the figure for the sake of clarity. 

The tables on specimen characterization and measurement 
information give for each set of experimental data the follow
ing information: the publication reference number, author's 
name (or names), year of publication, experimental method 
used for the measurement, temperature range covered by the 
data, alloy name and specimen designation, alloy composi
tion, specification and characterization of the specimen and 
information on meaSurement conditions, which are contained 
in the original paper. Whenever available, information on the 
electrical resistivity has also been included. In these tables 

the code designations used for the experimental methods for 
thermal conductivity determinations are as foliows: 

C Comparative method 
E Direct electrical heating method 
F Forbes' bar method 
L Long11ndlnl'll hp~t flow mpthorl 

P Periodic or transient heat flow method 
R Radial heat flow method 
T Thermoelectrical method 

The thermal.conductivity data and information for the ten 
selected binary alloy systems are presented in the following 
ten subsections. 
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4.1. Aluminum-Copper Alloy System 

The aluminum-copper alloy system does not form a contin
uous series of solid solutions. The maximum solid solubility 
of copper in aluminum is 5.70% (2.50 At. %) at 821 K and the 
solubility decreases to 0.1-0.2%(0.04-0.08 At. %) at 523 K. 
The maximum solid solubility of aluminum in copper is 9.4% 
(] 9.6 At. %) in the range from about· 650 to 838 K and the 
solubility decreases at higher and lower temperatures. Thus 
the region of solid solution is limited. However, the equation 
derived for the calculation of the electronic component of 
thermal conductivity, eq (12), is applicable to all phases, 
though the equation for the calculation of the lattice compo
nent, eq (35), can be used only for solid solutions, as noted 
before in sections 2 and 3. As noted in section 3 the values for 
the thermal conductivity of part of this alloy system are 
derived from experimental data on specimens in which the 
solid-solution phase was presumably frozen in. Hence, these 
values may not always be reproducible and are therefore pro
visional rather than recommended. 

There are 188 sets of experimental data available for the 
thermal conductivity of this alloy system. However, of the 49 
data sets for AI + Cu alloys listed in table 3 and shown in 
figure 12, ten sets are merely single data points around room 
temperature and 27 sets cover only a narrow temperature 
range from around room temperature to about 500 K. Of the 
139 data sets for Cu + Al alloys listed in table 4 and shown in 
figure 13,20 sets are single data points, 15 sets cover the nar
row temperature range from around room temperature to 
about 500 K, and 84 sets are for temperatures below 4.5 K. 

For the AI + Cu alloys, all measurements were made be
tween room temperature and 800 K except four (AI + Cu 
curves 6-8, and 16) which were measured down to about 80 K 
for specimens containing 4.0, 8.0 and 15.0% Cu [41,42] and 
except the two (AI + Cu curves 25 and 26) of Satterthwaite 
[43] who investigated the thermal conductivity of a specimen 
containing 0.3% Cu in both the superconducting and normal 
states between 0.4 and 1.2 K. In the present data analysis and 

synthesis, a thermal conductivity versus composition curve 
for 300 K was constructed following mainly the data of Grif
fiths and Schofield [44] (AI + Cu curves 1-5), of AIiev 
l116,168j (AI +Cu curves 31-33), and of Smith [45J (AI +Cu 
curves 12-15). The measurements of Griffiths and Schofield 
were selected because their specimens were well annealed 
and their electrical resistivity data are consistent with their 

thermal conductivity mea~urements. Smith did not report the 
heat treatment, but his data are compatible in magnitude to 
those of Griffiths and Schofield. The other measurements 
were discounted either because the specimens were un
annealed or unspecified, or due to some experimental or the
oretical considerations. For instance, Mannchen's data [41] 
(AI + Cu curves 6-8) were not taken into consideration since 

his corresponding Lorenz function values were believed to be 
too low. In the meantime, electronic thermal conductivity 
values at 300 K for the selected alioys were calculated from eq 
(12) and these ke values were also plotted on the conductivity
composition graph. The difference between the experimental 
total thermal conductivity k and the calculated electronic 
component ke is the lattice component kg, and the kt/ values at 

300 K for the various compositions were thus obtained from 
the graph. These kg values were extrapolated to higher tem
peratures up to the solidus temperatures according to the 
temperature dependence of eq (35) and to lower temperatures 
according to the pattern of k~ curves of aluminum-copper 
system derived from the available experimental k and the 
calculated ke around the region of maximum kg and accord
ing to P dependence at lower temperatures assuming kg to 
be negligible at 1 K. The values were then adjusted so that 
the extrapolated kg values plus their corresponding ke values 
yield total k values which fit the experimental data in those 
regions. The total thermal conductivity values were then ob
tained by adding the calculated values of ke to the adjusted 
extrapolated values of kg. 

For the Cu + Al alloys, several measurements were made 
between 4 K and 80 K [48,50] (Cu + AI curves 111-126) for 
alloys containing 0.43, 4.07, and 6.97% AI. The conductivity
composition curve at 300 K was constructed, based mainly on 
the data of Smith and Palmer [49] (Cu + AI curves 2-9), AIiev 
[116,168] (Cu+AI curves 59-67), and Smith [45] (Cu+AI 
curves 16 and 17). The specimens of Smith and Palmer were 
well-annealed and the results from [45] and [116] comple
ment those of Smith and Palmer in forming the conductivity
composition isotherm. The ke values were calculated from eq 
(12) and those at 300 K were plotted on the conductivity-com
position graph. The differences kg between k and ke were ob
tained for all compositions. These kg values were adjusted so 
that their extrapolations to lower temperatures, according to 
the method described above for AI + Cu alloys, fit the kg 
values derived from experimental data of Chu and Lipschultz 
[48] (Cu+AI curves 111-121) and of Friedman [50] (Cu+AI 
curves 122-126). Above 300 K the kg values were extrapolated 
to the solidus temperatures. The total thermal conductivity 
values were then obtained by adding the calculated values of 
ke to the adjusted extrapolated values of kg. Because of the 
lack of experimental .electrical resistivity data, no total k 
values are given below 200 K for the alloy with 10% AI, below 
300 K for the alloy with 15% Al, and l'It tpmpPTl'ItllTP~ othPT 

than 300 K for the alloy with 20% AI. 

A graphical comparison of the recommended total thermal 
conductivity values with selected experimental data is given 
in figures 8 and 9. The smooth solid curves in these figures 
were obtained by interpolating the recommended values of 
table 2 in order to obtain thermal conductivity values for the 
desired alloy compositions. For aluminum-rich alloys shown 

in figure 8, the r,ecommended values above room temperature 
are in agreement with the data of Griffiths and Schofield [44] 
(AI + eu curves 1, 2, 4, and 5), of Smith [45] (AI + Cu curves 
12-14), and of Mikryukov and Karagezyan l58] (AI + Cu 
curves 20 and 21) to within 5%, and with the data of Smith 
145] for an alloy containing 50% Cu (AI +Cu curve 15) to 
within 8%. No appropriate comparison can be made below 

room temperature. For the copper-rich alloys shown in figure 
9, the recommended values at low temperatures are in agree
ment with the data of Salter and Charsley [51] (Cu + AI curves 
20,22-25), of Chu and Lipschultz l48) (Cu+AJ curves 111 

'and 116), and of Friedman [50) (Cu + AI curve 122) to within 
6%, and those at higher temperatures are in agreement with 
the data of Smith and Palmer [49] (Cu +Al curves 2-9 and 
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78) and of Aliev [116] (eu + AI curves 65 and 67) to within 
10%. . 

The resulting recommended values for k, ke, and kg are 
tabulated in table 2 for 25 alloy compositions. These values 
are for alloys which have not been severely cold worked or 
quenched. The values for k are also presented in figures 10 
and II. The recommended curves for copper-rich aUoys con
taining 25 to 45% AI are also shown in figure 10 in order to 
show more clearly the systematic variation of the thermal con
ductivity with alloy composition and to clarify the confusion 
in figure II due to crossover of curves. For most of the alloy 
compositions, the temperature range covered is from 4 K to 

J. Phys. Chem. Ref. Data, Vel. 7, Nc. 3,1978 

the solidus temperature where melting starts. The values of 
residual electrical resistivity for the alloys are also given in 
table 2. The uncertainties of the k values are stated in a foot
note to table 2, while the uncertainties of the. ke and kg values 
are indicated by their being designated as recommended, 
provisional or typical values. The ranges of uncertainties of 
recommended, provisional, and typical values are less than 
±I5%, between ±IS and ±30%, and greater than ±30%, 
respectively. The kg values are very uncertain and are merely 
to serve as correction terms for the derivation of the total 
thermal conductivities. 
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TA3LE 2. RECOMMENDED THERMAL CONDUCTIVITY OF ALUMlNUM~COPPER ALLOY SYSTEMt 

(Temperature, T, K; Thermal Corductivity, 1" W cm~t K~t; Electronic Thermal Conductivity, ke' W cm~l K~l; Lattice The:;omal Conductivity, kg' W cm~l K-t] 

AI: 99. 50% (99. 79 At. %) AI: 99.00% (99. 57 At. %) 
O. 50% ( 0.21 At. %) eu: 1.00% ( 0.43 At. %) Cu: 

Po = 0.0600 /lOem Po = 0.1203 /lO cm 

T k k k T k k e g e 

4 1. 58':'* 4 0.814>!'* 
6 2. 36'~* 6 1. 23'~ * 
8 3.11'~* 8 1. 65'~* 

10 3.81** 10 2. 05~' * 
15 5.46':'* 15 3. 04'~* 

20 6. 73'~ * 20 3.921,:* 
25 7.56'~* 7.30* 0.265* 25 4.64** 4.42* 
30 8.06** 7.78* 0.285* 30 5.14** 4.90* 
40 8.22'~* 7.94* 0.285* 40 5. 64~"* 5.40* 
50 7.36,:,:1: 7.09:1: 0.265$ 50 5.45~':I: 5.23* 

60 5.99",,:1: 5.75:1: 0.241* 60 4. 80'~* 4.60* 
70 4.74>:,:1: 4.52* 0.218* 70 4.04** 3.85:1: 
80 3.77""* 3.57* 0.199$ 80 3. 35~~* 3.18* 
90 3.11>',,:1: 2.93* 0.183* 90 2.85** 2.69* 

100 2. 78'~* 2.61* 0.169* 100 2. 58'~:J: 2.43* 

150 2. 30'~* 2.18* 0.123* 150 2. 20'~* 2.09* 
200 2.24'~* 2.14* 0.0968$ 200 2.15** 2.07* 
250 2.25",,:1: 2.17:1: 0.0801* 250 2.17** 2.10* 
273 2.26'~* 2.19* 0.0745$ 273 2.18""* 2.12:1: 
300 2.28* 2.21* 0.0685$ 300 2.21* 2.15* 

350 2.31* 2.25:1: 0.0596* 350 2.25* 2.20* 
400 2.32* 2.27* 0.0530* 400 2.26* 2.2l:f: 
500 2.29* 2.25* 0.0430$ 500 2.24:1: 2.20* 
600 2.25* 2.21 :I: 0.0362$ 600 2.19:1: 2.16:1= 
700 2.19 2.16 0.0312* 700 2.15 2.12 

800 2.13':' 2.10 0.0273$ 800 2.08':' 2.06 
900 2.06* 2.04 0.0243$ 900 2.02* 2.00 
923 2.05* 2.03 0.0238$ ~13 2. 01'~ 1.99 

t Uncertainties in the total thermal conductivity, k, are as follows: 
99. 50 Al - O. 50 Cu: ± 15';t up to 600 K and ± 6';t above 600 K. 
99.00 Al ~ 1.00 Cu: ± 15% up to 600 K and ± 6';t above 600 K. 
97.00 Al - 3.00 Cu: ± 151& up to 600 K and ± 6';t above 600 K. 

k g 

O. 22t~ 
0.239* 
0.239* 
0.221$ 

0.202* 
0.185* 
0.170* 
0.157'1: 
0.145$ 

0.107* 
0.0847* 
0.0704$ 
0.0652$ 
0.0602$ 

0.0525* 
0.0467* 
0.0382$ 
0.0322$ 
0.0279* 

0.0245* 
0.0219$ 
0.0217$ 

AI: 97. 00% ~ 98. 70 At. Oft) 
Cu: 3. 00% ~ 1.30 At. 0/,) 

Po = 0.340 /lOcm 

T k k F. e g 

4 0.292'~* 
6 O. 442'~* 
8 0.593':'* 

10 O. 741~'* 
15 1.10,~:I: 

20 1. 45,~:I: 
25 1. 75'~* 1. 61:1: 0.139* 
30 2.02** 1. 87:1: 0.152* 
40 2.44** 2.28* 0.155* 
50 2.68** 2.53* 0.147* 

60 2.70""* 2.56:1: 0.138* 
70 2.54*:1: 2.41* 0.127* 
80 2.33",::1: 2.21* 0.118$ 
90 2.11** 2.00:1: 0.110* 

100 1.99** 1.89* 0.102* 

150 1.89""* 1.81* 0.0758$ 
200 1.9M:I: 1.84:1: 0.0607* 
250 1.94*:1: 1.89:1: 0.0509* 
273 1.97** 1.92* 0.0474$ 
300 1.99':'* 1. 95* 0.0438* 

350 2.04:1: 2.00:1: 0.0386$ 
400 2.07:1: 2.04* 0.0345* 
500 2.07:1: 2.04:1: 0.0285* 
600 2.05* 2.03* 0.0243$ 
700 2.02 2.00 0.0212$ 

800 1.97"" 1.95 0.0189$ 
873 1.94* 1. 92 0.0177* 

95.00 Al ~ 5.00 Cu: ± 8';t below 100 K, ± 51 between 100 and 500 K, and ± 6% above 500 K. 

:I: Provisional value. 

$ Typical value. 

.,~ In temperature range where no experimental thermal conductivity data are available. 

AI: 95.00% (97.81 At. %) 
Cu: 5.00% ( 2. 19 At. %) 

Po = O. 532 /lO cm 

T k k k e g 

4 0.189':' 0.183 0.00578$ 
6 O. 288'~ 0.275 0.0130$ 
8 O. 388~' 0.366 0.0222$ 

10 O. 489'~ 0.456 0.0330$ 
15 O. 738~' 0.677 0.0610$ 

20 O. 977'~ 0.892 0.0849$ 
25 1.19* 1.09 0.102* 
30 1. 39* 1.28 0.112* 
40 1. 71>:' 1.59 0.117$ 
50 1. 92'~ 1.81 0.112$ 

60 2.00,0" 1.89 0.106* 
70 1. 98"" 1.88 0.0985$ 
80 1.89* 1.80 0.0916$ 
90 1.79* 1.70 0.0857* 

100 1. 72* 1.64 0.0804$ 

150 1.67* 1.61 0.0612$ 
200 1.72* 1. 67 0.0495$ 
250 1. 79* 1.75 0.0416* 
273 1. 82* 1. 78 0.0389$ 
300 1.85 1. 81 0.0360* 

350 1. 90 1.87 0.0319* 
400 1. 93 1. 90 0.0285* 
500 1. 95 1.93 0.0237* 
600 1. 94 1.92 0.0203$ 
700 1. 92 1.90 0.0177* 

800 1. 89':' 1.87 0.0157$ 
833 1. 88~" 1.86 0.0152$ 
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'I'ABLE 2, RECOMMENDED THERMAL CONDUCTIVITY OF ALUMINUM-COPPER ALLOY SYSTEM (continued) l' 

[Temperature, T, K; Thermal. Conductivity, k, W C111--1 K-l; Electronic Thermal Conductivity, ke' W cm-I K-l; Lattice Thermal Conductivity, kg' W cm-t Ietl 

--------------- -- -------- ---

AI: 90.00% (95.49 At. %) 
Cu: 10.00% ( 4. 51 At. %) 

AI: 85.00% (93.03 At. %) AI: 80.00% (90.40 At. %) 
eu: 15.00% ( 6.97 At. %) Cu: 20.00% ( 9. 60 At. %) 

Po = O. 888 /LO I~m Po == 1. 118 /LO cm Po = 1. 312 /LOcm 

T 1< k k T k k k T k e .g e g 

4 0.115':' 0.110 0.00466,1: 4 O. 0913~' 0.0870 0.00426* 4 0.0786':' 
6 0.176':' 0.165 0.0105* 6 0.140':' 0.130 0.00956$ 6 0.121':' 
8 0.238':' 0.220 0.0179$ 8 0.189':' 0.173 0.0163* 8 0.165':' 

10 0.300':' 0.273 0.0266$ 10 0.240':, 0.216 0.0243* 10 0.209':' 
15 0.455':' 0.406 0.0491$ 15 O. 365~: 0.320 0.0449$ 15 0.317':' 

20 0.604':' 0.536 0.0684* 20 O. 484~" 0.421 0.0625* 20 O. 420'~ 
25 O. 711'~ 0.659 0.0823* 25 O. 594~' 0.519 0.0752* 25 0.515':' 
30 0.865':' 0.774 0.0905$ 30 O. 694'~ 0.611 0.0827* 30 O. 602'~ 
40 1. 08'~ 0.982 0.0942$ 40 0.862':' 0.776 0.0861$ 40 0.749':' 
50 1.24':' 1.15 0.0905$ 50 O. 993~' 0.910 0.0827$ 50 0.866':' 

60 1. 35':' 1.26 0.0853* 60 1. 09'~ 1.01 0.0779* 60 0.951':' 
70 1.38':' 1. 30 0.0794$ 70 1.14'~ 1.07 0.0725* 70 1. 01':' 
80 1.38':' 1. 31 0.0738$ 80 1.16':' 1.09 0.0674$ 80 1. 03>:' 
90 1.35 1.28 0.0691$ 90 1.16 1.10 0.0631* 90 1. 04':' 

100 1.33 1..27 0.0647* 100 1.16 LI0 0.0592$ 100 1. 06':' 

150 1. 39 1.34 0.0493$ 150 1. 26 1. 21 0.0451$ 150 1.15':' 
200 1.47 1.43 0.0399$ 200 1. 34 1.30 0.0365* 200 1.25':' 
250 1. 55 1. 52 0.0335$ 250 1.42 1. 39 0.0306* 250 1.33':' 
273 1. 58 1.55 0.0313$ 273 1. 45 1.42 0.0286* 273 1. 37'~ 
3)0 1..61 1.. 58 0.0290$ 300 1. 49 1.46 0.0265$ 300 1.40 

350 1.67 1..64 0.0257* 350 1. 54 1.52 0.0235* 350 1. 46 
400 1.71 1. 69 0.0229* 400 1.58 1. 56 0.0209* 400 1. 50':' 
500 1. 74 1. 72 0.0191* 500 1.62 1. 60 0.0174* 500 1. 54':' 
600 1. 75 1. 73 0.0163$ 600 1.64':' 1.63 0.0149$ 600 1. 56>:' 
700 1. 74 1. 73 0.0142* 700 i.64':: 1.63 0.0130$ 700 1.56"" 

800 1.72 1.71 0.0127$ 800 1.62>:' 1.61 0.0116* 800 1.55* 
821 1.72 1.71 0.0124* 821 1. 62* 1.61 0.01.13$ 821 1.55':' 

---- ----

t Uncertainties in the tomI thermal conductivity, k, are as follows: 
90.00 Al - 10.00 eu: ±8%below 100 K, :I: 5% between 100 and 500 K, and ±6%above 500 K. 
85.00 Al - 15.00 eu: ± 10% below 100 K, ± 5% between 100 and 500 K, and:l: 6% above 500 K. 
80.00 Al - 20.00 eu: ±10%below 100 K, ±5%between 100 and 500 K, and :I: 7% above 500 K. 
75.00 Al - 25.000.1: ±10%below 100 K, ±50/0between 100 and 500 K, and ±7%above 500 K. 

,t: Typical value. 

':' In temperature range vrhere no experimental thermal conductivity data are available. 

k k 
e g 

0.0745 0.00406$ 
0.112 0.00912~ 
0.149 0.0156$ 
0.186 0.0232* 
0.274 0.0428$ 

0.360 0.0597$ 
0.443 0.0718$ 
0.522 0.0789* 
0.667 0.0822* 
0.787 0.0789$ 

0.877 0.0744* 
0.938 0.0692$ 
0.970 0.0644$ 
0.984 0.0602$ 
1. 00 0.0565$ 

1.11 0.0430$ 
1.22 0.0348* 
1.30 0.0292* 
1.34 0.0273* 
1. 37 0.0253$ 

1. 44 0.0224$ 
1. 48 0.0200* 
1. 52 0.0166* 
1.55 0.0142$ 
1.55 0.0124* 

1.54 O.OlU* 
1. 54 0.0109$ 

----

-----

AI: 75.00% (87.60 At. %) 
eu: 25.00% (12.40 At. %) 

Po = 1.482 1l0cm 

T k '.{ k 
e g 

4 0.0699':' 0.0659 0.00398* 
6 0.108':' 0,0993 0.00894$ 
8 O. 147'~ 0.132 0.0153* 

10 0.188>!' 0.165 0.0227$ 
15 0.285':' 0.243 0.0420* 

20 O. 378'~ 0.319 0.0585* 
25 0.462>!' 0.392 0.0704* 
30 0.540':' 0.463 0.0774* 
40 0.674>;' 0.593 0.0806$ 
50 O. 777'~ 0.700 0.0774$ 

60 O. 857'~ 0.784 0.0729* 
70 0.911>;' 0.843 0.0679* 
80 O. 943'~ 0.880 0.0631* 
90 0.960':' 0.901 0.0591$ 

100 0.978':: 0.923 0.0554$ 

150 1.09':' 1.05 0.0422* 
200 1.18':: 1.15 0.0341* 
250 1.27':' 1.24 0.0287* 
273 1.30':' 1. 27 0.0268* 
300 1.33;': 1. 31 0.0248$ 

350 1.39':: 1. 37 0.0219* 
400 1. 43~' 1.41 0.0196* 
500 1.47* 1.45 0.0163$ 
600 1. 50>!' 1.49 0.0140* 
700 1. 50':' 1.49 0.0122$ 

800 1. 50>!' 1.49 0.0108$ 
821 1. 50* 1.49 0.0106* 

---.----~ 
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TABLE 2. RECOMl\iENDED THERMAL CONDUCTIVITY OF ALUMINUM-COPPER ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W cm-l K-l; Electronic Ther~al Conductivity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-11 
--

AI: 70.000/0 (84.60 At. %) AI: 65.0,)% (81.39 At. %) AI: 60. 00% (77. 94 At. %) 
Cu: 30.000/0 (15.40 At. %) Cu: 35.0')% (18. 61 At. %) eu: 40. 00% (22.06 At. %) 

Po = 1. 623 ,.,.0 em Po = l. 754 ,.,.Ocm Po = 1. 883 ,.,.0 em 

T k l{e 1{ T k k k T k 
g e g 

4 0.0641::' 0.0602 0.00392$ 4 0.0596':' 0.0557 0.00392$ 4 O. 0558~~ 
6 0.0993* 0.0905 0.00880* 6 0.0924':' 0.0836 0.00880$ 6 0.0866* 
8 0.135* 0.120 0.0150$ 8 0.127* 0.112 0.0150$ 8 0.118':' 

10 0.172* 0.150 0.0223$ 10 0.160* 0.138 0.0223$ 10 0.150'~ 
15 O. 262~' 0.221 0.0413$ 15 0.244';'- 0.203 0.0413* 15 O. 228;~ 

20 0.348* 0.290 0.0575$ 20 0.324* 0.267 0.0575* 20 0.306'~ 
25 0.425;' 0.356 0.0693$ 25 O. 399>'~ 0.330 0.0693$ 25 0.377':' 
30 0.497~' 0.421 0.0761* 30 0.466'~ 0.390 0.0761$ 30 0.439':' 
40 0.618* 0.539 0.0793$ 40 0.579* 0.500 0.0793$ 40 O. 546~' 
50 O. 724~' 0~638 0.0861$ 50 0.669* 0.593 0.0761$ 50 0.631':' 

60 0.787;' 0.715 0.0718$ 60 0.740* 0.668 0.0718* 60 0.700':' 
70 0.841;' 0.774 0.0668$ 70 0.793* 0.726 0.0668$ 70 O. 751'~ 
80 0.877* 0.815 0.0621$ 80 0.830':' 0.768 0.0621* 80 0.787':' 
90 0.900;' 0.842 0.0581$ 90 0.856>~ 0.798 0.0581$ 90 0.813':' 

100 0.924* 0.869 0.0545$ 100 0.880';< 0.825 0.0545$ 100 0.850':' 

150 1.04':' 0.998 0.0415* 15(1 O. 998'~ 0.957 0.0415* 150 0.963':' 
200 1.14':' 1.11 0.0336$ 200 1.10~< 1.07 0.0336* 200 1.06* 
250 1.22':< 1.19 0.0282$ 250 1. 17''f 1.14 0.0282$ 250 1.14* 
273 1.25':' 1.22 0.0263* 273 1.21* 1.18 0.0263$ 273 1.17"" 
300 1.28 1.26 0.0244$ 300 1.24':' 1.22 0.0244* 300 1.20 

350 1.34 1.32 0.0216$ 350 1. 29"" 1.27 0.0216$ 350 1.25 
400 1. 38':' 1.36 0.0193$ 400 1. 33~' 1.31 0.0193$ 400 1.29* 
500 1.42':< 1. 40 0.0160* 500 1. 38'!< 1.36 0.0160$ 500 1. 34':' 
600 1. 45':< 1.44 0.0137$ 600 1.40':' 1.39 0.0137$ 600 1.37* 
700 1.46':< 1. 45 0.0120$ 700 1. 42~' 1.41 0.0120$ 700 1.38':' 

800 1.45':< 1.44 0.0107$ 800 1. 41* 1.40 0.0107$ 800 1. 3S"" 
821 1. 45>!< 1.44 0.0105$ 821 1.41>:< 1.40 0.0105$ 821 1.38"" 

t Uncertainties in the total thermal conductivity. k, are as follows: 
70.00 AI- 30.00 Cu: ±10%below 100 K, ±5%between 100 and 500 K, and :::70/0above liOO K. 
65.00 Al - 35.00 Cu: ±120/0below 100 K, ±50/0between 100 and 500 K, and :::7%above 500 K. 
60.00 AI- 40.00 Cu: ±12%below 100 K, ±5%between 100 and 500 K,and±'1%above EOO K. 
55.00 Al - 45.00 Cu: ±12%below 80 K, :l:5%betweer. 80 and 500 K, and ±7'(oabove 500K • 

$ Typical value. 

* In temperature range where no experimental thermal conductivity data are available. 

k e 

0.0519 
0.0778 
0.103 
0.128 
0.187 

0.248 
0.307 
0.363 
0.466 
0.555 

0.628 
0.684 
0.725 
0.755 
0.785 

0.921 
1.03 
1.11 
1.14 
1.18 

1.23 
1.27 
1.32 
1.36 
1.37 

1.37 
1.37 

k 
g 

).00394$ 
).00884$ 
[).0151$ 
\).0224* 
[}.0415$ 

[}.0578$ 
D.0696$ 
[).0764$ 
).0796$ 
G.0764$ 

D.0721* 
D.0670$ 
).0623* 
).0583$ 
).0547$ 

[).0417$ 
D.0337$ 
D.0283$ 
().0264$ 
D.0245$ 

D.0217$ 
D.0194$ 
D. 0161~ 
D.0138$ 
().0120$ 

D.0107$ 
D.0105$ 

AI: 55.00% (74.22 At. %) 
Cu: 45.00% (25.78 At. %) 

Po = 2.02 ,.,.Ocm 

T k l{ k 
e g 

4 0.0524':' 0.0484 0.00395$ 
6 0.0812':' 0.0723 0.00887$ 
8 0.111':' 0.0955 0.0152$ 

10 0.142~' 0.119 0.0225$ 
15 O. 217~' 0.175 0.0417$ 

20 0.290':' 0.232 0.0580$ 
25 0.357':' 0.287 0.0798$ 
30 0.416':' 0.339 0.0768$ 
40 0.517':' 0.437 0.0799* 
50 O. 597~' 0.520 0.0768$ 

60 0.662':' 0.590 0.0724* 
70 0.711':' 0.644 0.0673$ 
80 O. 748'~ 0.685 0.0626* 
90 0.778':' 0.719 0.0586$ 

100 0.805':' 0.750 0.0549$ 

150 0.929':' 0.887 0.0418* 
200 1. 03~~ 0.993 0.0338$ 
250 1.10':' 1.07 0.0284$ 
273 1.13':' 1.10 0.0266$ 
300 1.17 1.15 0.0246$ 

350 1. 22 1.20 0.0218$ 
400 1. 26>~ 1.24 0.0194$ 
500 1. 32'~ 1.30 0.0162$ 
600 1. 34'!< 1.33 0.0138$ 
700 1. 35* 1.34 0.0121$ 

SOO 1. 35':' 1.34 0.0108$ 
821 1.35':' 1.34 0.0106$ 
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TABLE 2. RECOMMENDED THERMAL CONDUCTIVITY OF ALUMINUM-CO?PER ALLOY SYSTE:ty: (continued) t 
I Tcmperaturc, T, .K; Thermal Conductivity, k, W cm-I K-I; Electronic Thermal Conductivity, ke' W cm-I K-I j Lattice Thermal Conductivity, kg' W cm-I K-I] 

--~ --
AI: 50.00% (70.20 At. %) AI: 45.000/0 (65.83 At. %) AI: 40. 00% (61. 09 At. %) 
Cu: 50.00% (29.80 At. %) Cu: 55.00% (34.17 At. %) Cu: 60.000/0 (38.91 At. %) 

- -
Po'" 2.25 ,."Ocm Po::: 2.59 /lOcm Po::: 3.25 /lOcm 

T k k k T k k k T k k e g e g e 

4 0.0474':' 0.0434 0.00398:1: 4 '0.0420':<:1: 0.0380 0.00400* 4 O. 0342,:4 ~. 0302 
6 0.0736>:' 0.0647 O.00894i1i 6 O. 0659>:<:f: 0.0569 0.00900$ 6 0.0541,:4 (1.0450 
8 0.101':' 0.0857 0.0153$ 8 0.0909':4 0.0755 0.0154* 8 0.0753,:4 C.0597 

10 0.130':' 0.107 0.0227* 10 0.117':'* 0.0942 0.0229* 10 0.0974':':f: U.0744 
15 0.200,;, 0.lS8 0.0420$ 15 0.181';':1: 0.139 0.0422* 15 0.154';':1: 0.111 

20 0.266':' 0.208 0.0585* 20 0.242':':1: 0.183 0.0590$ 20 0.206,:4 U.146 
25 0.328':' 0.258 0.0704$ 25 O. 296'~:I: 0.225 0.0708$ 25 0.252':4 U.181 
30 0.383':' 0.306 0.0774* 30 0.344':::J: 0.267 0.0775$ 30 0.293':<:\: U.215 
40 0.475':' 0.394 0.0806$ 40 0.426'::* 0.345 0.0810$ 40 0.361':':1: U.279 
50 0.548':' 0.471 0.0774$ 50 0.494':':J: 0.416 0.0779$ 50 0.415':':1= 0.337 

60 0.609':, 0.536 0.0729* 60 0.550':':1: 0.477 0.0730$ 60 0.463':'* (1.389 
70 0.658':' 0.590 0.0679* 70 0.596':'* 0.528 0.0680$ 70 0.499':<:1: U.430 
80 0.695':' 0.632 0.0631$ 80 0.631':' 0.568 0.0634$ 80 O. 535'~ 0.471 
!l0 0.726':' 0.667 0.0591$ 90 0.661>:< 0.602 0.0594$ 90 0.565':' 0.505 

100 0.753':' 0.698 0.0554$ 100 0.689':' 0.633 0.0558$ 100 O. 594'~ 0.538 

150 O. 880'~ 0.838 0.0422* 150 0.814* 0.772 0.0425* 150 0.722':' 0.679 
200 0.979':, 0.945 0.0341$ 200 0.915>:' 0.881 0.0343$ 200 0.820'~ 0.785 
250 1.06':' 1. 03 0.0287$ 250 0.996>:' 0.967 0.0289$ 250 O. 902'~ 0.873 
273 1.09':' 1.06 0.0208$ 273 1.03':: 1.00 0.0270$ 273 0.933'!< 0.906 
3(lO 1.12 1.10 0.0248$ 300 1. 06 1. 04 0.0250* 300 0.968 0.943 

350 1.18 1.16 O. 0219:~ 350 1.12'~ 1.10 0.0220* 350 1.02':' 1.00 
4(]0 1.22':' 1.20 0.0196* 400 1.16':' 1.14 . 0.0197$ 400 1.07':< 1.05 
5(]0 1.28':' 1. 26 0.0163* 500 1.22':' 1.20 0.0164$ 500 1.14':' 1.12 
6CO 1. 30'~ 1.29 0.0140$ 600 1. 25':' 1.24 0.0140$ 600 1.17'~ 1.16 
7(]0 1.32':' 1. 31 0.0122$ 700 1. 27'~ 1.26 0.0122$ 700 1. 20>:' : .• 19 

8(]0 1.32':' 1. 31 0.0108$ 800 1. 28':< 1.27 0.0109$ SOO 1.22':' 1.21 
821 1.32':< 1.31 0.0106$ . 864 1.29':' 1.28 0.0101* 864 1.23* ~.22 

.,. Uncertainties in the total thermal conductivity, k, are as follows: 
50.00 Al - 50.00 Cll: ±120/0below 80 K, ±50/0between 80 and 500 K, and ±7o/tabove 500 K. 
45.00 Al - 55.00 Cu: ±150/0below 80 K, ±100/0between 80 and 200 K, and ±7roabove 200 K. 
40.00 Al - 60.00 Cu: ±150/0below 80 K, ±100/0between 80 and 200 K, and ±8roabove 200 K. 
35.00 Al - 65.00 Ct.: ±200/0below 80 K, ±100/0between 80 and 200 K, and ±8roabove 200 K. 

:1= PrOvisional value. 

:I: Typical value. 

':< In temperature range where no experimental thermal conductivity data are available. 

k g 

0.00402* 
0.00909$ 
0.0156* 
0.0230$ 
0.0426$ 

0.0595$ 
0.0714$ 
0.0782* 
0.0817$ 
0.0784$ 

0.0737* 
0.0686* 
0.0640$ 
0.0599* 
0.0562$ 

0.0429$ 
0.0345* 
0.0291* 
0.0271$ 
0.0252$ 

0.0223$ 
0.0199* 
0.0165* 
0.0141$ 
0.0123$ 

0.0109* 
0.0102$ 

AI: 35. 00% (55. 91 At. %) 
Cu: 65.00% (44.09 At. %) 

Po::: 4.42 p,Ocm 

T k k k 
a g 

4 O. 0269'~:I: 0.0228 0.00409$ 
6 O. 0430'~* O. 0338 0.00922$ 
8 0.0605,:4 0.0447 0.0158* 

10 0.0786,:4 0.0552 0.0234* 
15 0.125':':1= 0.0816 0.0434:1: 

20 0.168'~:I= 0.108 0.0603$ 
25 O. 206'~:I= 0.133 0.0726* 
30 0.237':':1: 0.158 0.0793$ 
40 0.290':4 0.207 0.0830$ 
50 0.332':4 0.252 0.0797* 

60 0.368':':1= 0.293 0.0748$ 
70 0.400':':1= 0.330 0.0697* 
80 0.431':< 0.366 0.0650* 
90 0.457':< 0.396 0.0610* 

100 O. 483'~ 0.4:26 0.0571* 

150 0.598':' 0.555 0.0435* 
200 0.691':' 0.656 0.0350* 
250 O. 772~' 0.742 0.0296$ 
273 0.804':' 0.776 0.0276* 
300 0.840 0.814 0.0256$ 

350 0.897':: 0.874 0.0226$ 
400 0.943':' 0.923 0.0202* 
500 1. 01':< 0.997 0.016S$ 
600 1. 06* 1. 05 0.0144$ 
700 1. 10':' 1. 1)9 0.0126* 

800 1.12':' 1. L1 0.0111* 
864 1.14':' 1.l3 0.0104* 
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TABLE 2. RECOMMENDED THERMAL CONDUCTIVITY OF ALUMINUM-COPPER ALLOY SYSTEM (continued)'" 

[Temperature, T, K; Thermal Conductivity,;;:, W cm-t K-l; Electronic Thermal Conductivity. k
e

, W em'""! K-1; Lattice Thermal Conductivity, kg' W cm-t K-1] 

-- ---

AI: 30. 00% (50. 23 At. %) AI: 25.00% (43.98 At. %) AI: 20.00% (37.06 At. %) 
Cu: 70. 00% (49. 77 At. %) Cu: 75.00% (56.02 At. %) C'l: 80.00% (62.94 At. %) 

Po = 6.61 J,LOcrr- Po = 12.4 ,.,.n cm 
~-

T k k k T k k k T k e g e g 

4 0.0191>::1: 0.0149 0.00416$ 4 0.0121>:,:1: 0.00788 0.00424* 4 
6 O. 0318~:I: O. 0224 0.00938* 6 0.0214*:1: 0.0118 0.00955$ 6 
8 0.0457>::1: 0.0297 0.0160* 8 O. 0321o~:I: 0.0158 0.0163* 8 

10 O. 0608~:I= 0.0370 0.0238* 10 O. 0439'~:f: 0.0197 0.0242* 10 
15 O. 0987~:/: O. 0547 0.0440$ 15 0.0743>:4 0.0294 0.0449$ 15 

20 0.13M~ 0.0723 0.0614* 20 0.102':4 0.0391 0.0627* 20 
25 0.163'~~ 0.0896 0.0737* 25 0.124':':1: 0.0485 0.0750* 25 
30 O.188'~~ 0.107 0.0806$ 30 0.140':':1= 0.0580 0.0822* 30 
40 O. 224':<~ 0.140 0.0842* 40 0.163':':1: 0.0766 0.0860* 40 
50 O. 253'~~ 0.172 0.0810:1: 50 0.177':<:1: 0.0947 0.0825$ 50 

60 0.277'::~ 0.201 0.0760$ 60 0.190,:::1= 0.112 0.0775* 60 
70 0.299':'1 0.228 0.0710$ 70 0.201':::1= 0.129 0.0722* 70 
80 0.322':' 0.256 0.0662* 80 0.213':' 0.145 0.0676* 80 
90 0.343':: 0.281 0.0620* 90 0.224':' 0.161 0.0631* 90 

100 O. 363'~ 0.305 O.O580~ 100 0.235':: 0.176 0.0592* 100 

150 0.455':' 0.411 0.0442* 150 0.293':' 0.248 0.0451* 150 
200 0.534':' 0.499 0.0357* 200 0.347':' 0.311 0.0364* 200 
250 O. 606'~ 0.576 0.0300* 250 0.399':' 0.368 0.0306* 250 
273 0.635':' 0.607 0.0280$ 273 0.422':' 0.393 0.0286$ 273 
300 0.668 0.642 0.0260* 300 0.446 0.420 0.0265* 300 0.278"4 

350 O. 722'~ 0.699 0.0230$ 350 0.489':' 0.466 0.0234$ 350 
400 0.768':: 0.74S 0.0205$ 400 0.529':: 0.508 0.0209* 400 
500 O. 842'~ 0.825 0.0170$ 500 0.596':' 0.579 0.0174$ 500 
600 0.898':: 0.883 0.0146$ 600 0.652':' 0.637 0.0148* 600 
700 0.941':- 0.928 0.0127* 700 0.698';' 0.685 0.0130$ 700 

800 0.971':- 0.960 0.0113* 800 0.735';' 0.723 0.0116$ 800 
864 0.983':: 0.972 0.0106* 900 0.763':' 0.753 0.0104$ 900 

939 0.773':' 0.763 0.010H 1000 
1100 
1232 

----- ------

t Uncertainties in the total thermal conductivity, k, are as follows: 
30.00 AI- 70.00 Cu: ±25% below 80 K. ± 10% betweer: SO and 200 K, and ±8%above 200 K. 
25. 00 Al - 75.00 eu: ± 30% below 80 K, ± l 0% betweer 80 and 200 K. and ± 8% above 200 K. 
20.00 AI- 80.00 Cu: ±20%at 300 K. 
15.00 AI- 85.00 Cu: ±20%above 300 K. 

:J: Provisional va1ue. 

:1: Typical value. 

':' In temperature range where no experimental1hermal conductivity data are available. 

k k 
e g 

0.00440$ 
0.00991* 
0.0169$ 
0.0251* 
0.0464$ 

0,0650* 
0.0709* 
0.0851* 
0,0891$ 
0.0852~ 

0.0801''' 
0.0748* 
0.0699$ 
0.0653$ 
0.0613$ 

0.0467$ 
0.0377$ 
0.0317$ 
0.0296$ 

0.250:/: 0, 0275~ 

0.0243$ 
0.0217$ 
0.0180$ 
0,0154* 
0,0135* 

0.0120$ 
0.0108* 
0.00980$ 
0,00902* 
0,00821* 

----- ----- --_.-

A1: 15.00% (29.36 At. %) 
eu: 85.00% (70. 64 At. %) 

T k k k 
e g 

4 O.C0471* 
6 O. C107* 
8 O. C182* 

10 O. C269$ 
15 O. C498$ 

20 0.1:696* 
25 O. (j834* 
30 O. e913* 
40 O. C954* 
50 O. C917t 

60 O. C860* 
70 O. (i801* 
SO 0.(j749* 
90 0.()700:J: 

100 O. (i658:1= 

150 O. (j501* 
200 0.()404* 
250 O. (i340* 
273 O. {i318$ 
300 0.442:/: 0.412 0.0295;1: 

350 0.477:1: 0.451 O. (i260* 
400 0.507:1= 0.484 0.{i233* 
500 0.556:1= 0.537 O. ()193:1: 
600 0.593>:':1: 0.576 0.0166:1: 
700 0.620':::1= 0.606 0.0144:1= 

800 0.642*:1: 0.629 0.0128;1: 
900 0.659':':/: 0.647 0.0116:1= 

1000 0.671>:4 0.660 0.0106:1= 
1200 O. 686'~* 0.677 0.00896$ 
1310 0.691>:4 0.683 0.00832$ 
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TABLE 2. RECOMMENDED THERMAL CONDUCTIVITY OF ALUMINUM-COPPER ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity,k, W cm-t K-t; Electronic Thermal Conductivity, \{e' W cm-t K~t; Lattice Thermal Conductivity, kg' W cm-t K-1j 

---.--------~- -- ---

AI: 10.00% (20. 74 At. %) AI: 5.00% (11.03 At. %) AI: 3. O(Jfo ( 6.79 At. %) 
Cu: 90.00% (79.26 At. %) Cu: 95.00% (88.97 At. %) Cu: 97. O(Jfo (93.21 At. %) 

Po = 7.23 #lOcm Po = 5.53 #lOcm 

T k k k T k k k T k e g e g 

4 0.00522$ 4 0.0197 0.0134 0.00628* 4 0.0259 
6 0.0118$ 6 0.0345 0.0204 0.0141* 6 0.0450 
8 0.0201* 8 0.0509 0.0268 0.0241* 8 O~ 0669 

10 0.0299$ 10 0.0694 0.0336 0.0358:1: 10 0.0896 
15 0.0551* 15 0.116 0.0495 0.0662:1: 15 0.151 

20 0.0772$ 20 0:159 0.0665 0.0922:1= 20 0.207 
25 0.092~$ 25 0.193 0.0824 0.111* 25 0.249 
30 0.101~ 30 0.220 0.0984 0.122:1: 30 0.282 
40 0.106~ 40 0.257 0.130 0.127:1: 40 0.329 
50 0.102~ 50 0.283 0.161 0.122:1: 50 0.361 

60 0.0952* 60 0.304 0.189 0.115* 60 0.388 
70 0.089('$ 70 0.324 0.217 0.107* 70 0.414 
80 0.083]$ 80 O. 344'~ 0.244 0.0995* 80 0.440':< 
90 0.0778* 90 O. 364'~ 0.271 0.0931* 90 0.465':' 

100 0.073H 100 0.385':' 0.298 0.0873:1: 100 0.491>:' 

150 0.0555* 150 0.486':< 0.420 0.0665$ 150 0.618':' 
200 0.442':' 0.397 0.0446$ 200 0.581':' 0.527 0.0538$ 200 0.740* 
250 0.522':' 0.484 0.0377$ 250 0.673':< 0.628 0.0452* 250 0.854* 
273 0.555>:' 0.520 0.0352* 273 0.7131,' 0.671 0.0422$ 273 0.903':' 
300 0.596 0.563 0.0327$ 300 0.757 0.718 0.0391$ 300 0.960 

350 0.665 0.636 0.0288$ 350 0.835 0.800 0.0346* 350 1.06 
400 0.730 0.704 0.0258$ 400 0.905 0.874 0.0309$ 400 1.15 
500 0.843 0.822 0.02H$ 500 1.03 1. 00 0.0257$ 500 1. 30 
600 0.941 0.923 0.018:3* 600 1.13 1.11 0.0220$ 600 1.43':' 
700 1.03 1. 01 0.016{i$ 700 1.22 1.20 0.0192$ 700 1. 51'~ 

800 1.09 1. 08 0.014:3* 800 1.30 1.28 0.0171* 800 1.59* 
900 1.14 1.13 0.0123$ 900 1. 36 1.34 0.0154$ 900 1.66* 

1000 1.18 1.17 0.0117$ 1000 1. 39 1.38 0.0140$ 1000 1.70"" 
1200 1.25 1. 24 0.O09!!1$ 1200 1.47* 1.46 0.0119$ 1200 1.77* 
1313 1. 27 1. 26 0.00918$ 1331 1. 50* 1~49 0.0108$ 1343 1.80* 

-----

t Uncertainties in the total thermal conductivity, k, are as follows: 
10.00 Al - 90.00 Cu: ±10%above 200 K. 

5.00 Al - 95.00 Cu: ± 8% below 80 K, ± 6% between 80 and 500 K, and ± 8% above 500 K. 
3.00 Al - 97.00 Cu: . ± 8% below SO K, ± 5% between 80 and 500 K, and ± 7% above 500 K. 
1.00 Al - 99.00 Cu: ±S% below 80 K, ± 5% between 80 and 500 K, and ± 6% above 500 K. 

* Provisional value. 

$ Typical value. 

* In temperature range where no experimental thermal conductivity data are available. 

k 
e 

0.0177 
0.0265 
0.0352 
0.0441 
0.0654 

0.0867 
0.106 
0.128 
0.169 
0.209 

0.246 
0.283 
0.318 
0.352 
0.386 

0.540 
0.677 
0.802 
0.854 
0.915 

1.02 
1.11 
1. 27 
1.40 
1.49 

1. 57 
1.64 
1.68 
1.76 
1. 79 

k g 

0.00816* 
0.0185* 
0.0317* 
0.0455:1: 
0.0856* 

0.120* 
0.143:1: 
0.157:1: 
0.160* 
0.152* 

0.142* 
0.13t:!: 
0.122* 
0.113* 
0.105* 

0.0782$ 
0.0626$ 
0.0525$ 
0.0489* 
0.0452$ 

0.0398* 
0.0356* 
0.0294$ 
0.0251$ 
0.0219$ 

0.0195$ 
0.0175$ 
0.015S$ 
0.0135$ 
0.0123$ 

AI: 1.00% ( 2.32 At. %) 
Cu: 99. OOra (97. 68 At. %) 

Po = 2. 36 #lo.cm 

T k k k 
e g 

4 0.0531 0.0412 0.0119* 
6 0.0885 0.0618 0.0267* 

88 0.129 0.0824 0.0468* 
10 0.173 0.103 0.0700:1= 
15 0.284 0.153 0.131* 

20 0.382 0.201 0.181:1= 
25 0.463 0.250 0.213:1= 
30 0.528 0.298 0.230:1= 
40 0.619 0.389 0.230:1: 
50 0.687 0.474 0.213* 

60 0.746 0.551 0.195* 
70 0.800 0.622 0.178:1= 
80 0.852':' 0.688 0.164:1= 
90 O. 903'~ 0.752 0.151* 

100 0.953';< 0.813 0.140* 

150 1.18t~ 1.08 0.103$ 
200 1. 38* 1.30 0.0816$ 
250 1. 55* 1.48 0.0678* 
273 1. 63';< 1. 57 0.0628$ 
300 1.71 1.65 0.0580$ 

350 1. 83 1. 78 0.0506* 
400 1. 94 1.89 0.0450$ 
500 2.10 2.06 0.0368$ 
600 2. 22t" 2.19 0.0310$ 
700 2.31* 2.28 0.0269$ 

800 2.37* 2.35 0.0236* 
900 2.41* 2.39 0.0211* 

1000 2.44* 2.42 0.0190$ 
1200 2.48* 2.46 0.0159$ 
1352 2.49"~ 2.48 0.0142$ 
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TABLE 2. RECOMMENDED THERMAL CONDUCTIVITY OF ALUMINUM-COPPER ALLOY SYSTEM (continued) t 

[Tempenture, T, K; Thermal Conductivity, k, W cm-t K-t; Electronic Thermal Conductivity, ke t W cm-1 K-t; Lattice '::'hermal Conductivity, kg' W cm-l K-1J 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1200 
1354 

AI: U.50% ( 1.17 At. %) 
Cu: 9!!. 50% (98.83 At. %) 

Po = 1.270 110 cm 

k 

0.0911 
0.146 
0.209 0 

0.27'1' 
0.445 

0.591 
0.715 
0.819 
0.975 
1.09 

1.18 
1.26 
1.34>: 
1.41>: 
1. 47': 

1.74>: 
1. 96': 
2.14': 
2.21>:: 
2.28 

2.39 
2.49 
2.63* 
2.73':' 
2.76':' 

2.79* 
2.80* 
2.80* 
2.79') 
2.76;\ 

k 
e 

0.0771 
0.115 
0.154 
0.192 
0.282 

0.369 
0.455 
0.539 
0.695 
0.832 

0.948 
1. 05 
1.15 
1.22 
1.30 

1.62 
1.87 
2.06 
2.14 
2.21 

2.33 
2.44 
2.59 
2.69 
2.73 

2.76 
2.78 
2.78 
2.77 
2.74 

k g 

0.0140 
0.0314 
0.0552 
0.0854 
0.163 

0.222 
0.260 
0.280 
0.280 
0.260 

0.236 
0.214 
0.195 
0.180 
0.166 

0.121* 
0.0950$ 
0.0786* 
0.0731$ 
0.0672$ 

0.0585* 
0.0520$ 
0.0422$ 
0.0355$ 
0.0306$ 

0.0268* 
0.0238* 
0.0215$ 
0.0180$ 
0.0160$ 

t Uncertainties in the total thermal conductivity, k, are as follows: 
O. 50 At - 99. 50 COl: ± 6% below 80 K, ± 5% between ~o and 500 K. and ± 6o/t:above 500 K. 

:I: Typical value. 

'!< In tempera~ure range where no experimental thermal ccndl1ctivity data are available. 
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"1.'1 TABl.E 3. THERMAL CONDUCTIVITY OF ALUMiNUM -I- CO?PER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION -0 :::r 0'0 
~ 
n 
:::r Name and Composition III Cur. Ref. Method Temp. 
? No. No. 

Allthor(s) Year 
Used Range,K Specimen (weight percent) Composition (continued), Speci.fications, and Remarks 

~ Desigm.1ion AI Cu 
~ 
0 44 Griffitlls, E. and 1928 L 353-473 No. 655 86.0 14.0 1.125 in. diameter and 15.5 in. long; 2 specimens chill-cast and 2 speci-
9- Schofield, F. H. mens sand-mst; one of each annealed at 450 C for 1 hr; electrical p 

resistivity reported as 5.24, 6.25, 6. 97, 7. 69, 8.40, and 9.14 /.LO em at <: 
~ 353, 423, 473, 523, 573, and 623 K, respectively; smoothed values 

~ reported. 
:z 2 44 Griffittls, E. and 1928 L 353-473 No. 671 88.0 12.0 SimJar to above except electrical resistivity rep)rted as 5.20, 5.96, 6.51, 
!l Schofiel.d, F. II. 7.03, 7.57, and 8.11 /.LDt em at 353, 423,473, 523, 573, and 623 K, 
~ respectively, 
,10 

3 44 Griffitlls, E. and 1928 L 353-473 No. 921 ~88.0 ",12.0 Trace Fe; 1. 125 in. diameter and 15.5 in. long; 2 specimem chill-cast; ""-! 
en 

Schofield, F. H. one of which annealed at 450 C for 1 hr; electrical resistivity reported 
as 4.64, 5.61, 6.34, 7.12, 7.95, and 8.82 /.LG cm at 353, 423, 473, 
523, 573, and 623 K, respectively; smoothed values reported. 

4 44 Griffiths, E. and 1928 L 353-573 No. 2313 92.0 8.0 Similar to abov3 except electrical resistivity reJX)rted as 4.06, 4.77, 5.40, 
Schofield, F. H. 6.16, 7.03, and 8.08 /.Lo, em at 353, 423, 473, 523, 573. and 623 K, 

respectively. 

44 Griffit11s, E. and 1928 L 353-573 No. 2312 95.5 4.5 Similar to above except electrical resistivity reported as 4. )4, 4.96, 5.61, 
Schofield, F. H. 6.26, 6.92, and 7.58 lIn cm at 353, 423, 473, 523, 573, and 623 K, 

respectively. % 

6 41 Mannchen, W. 1931 L 87-476 92.0 8.0 Cast; electrical conductivity reported as 65. 1, 29.3, 20. 2, and '14.6 x 104 0 
0-1 cm-1 at t7, 273, 373, and 476 K, respectively; Lorenz; function m 
1.549, 1. 650, 1. 891, and 2.18 x 10-8 V2 K-2 at the above temperatures, 

.... 
respectively. » : 

41 Manncnen, W. 1931 L 87-476 The above specimen; Lorenz fmIction 1. 58, 1. 64, 1. 94, and 2. 20 x 10-ll 
V2 K-2 at the above temperatures, respectively. 

41 Malll1c1len, W. 1931 L 87-476 85.0 15.0 Case; electrical conductivity reported as 59.6, 22.3, 16.0, and 14.2 x 10'\ 
.0-1 cm-1 at f.7, 273, 373, and 476 K, respectively; Lorenz function 
1.74, 2.43, 2.79, and 2.67 x 10-8 V2 1('""2 at the above temperatures, 
respectively. 

113 Grard, C. and 1.92'1 E 353-423 96.0 4.0 Approximate cQmpositiol1; cast. 
Villey, J. 

10 1.13 Grard, C. and 1927 E 373.2 88.0 12.0 Cast; density 2.95 g cm-3; electrical conductivity 0.16 x 106 0,-1 cm-1 at 100 C. 
Villey, J. 

11 114 Czochralsll:i, J. 1921 301-346 92.0 ~8.0 Trace Si; density 2. 85 to 2.9 g cm-3• 

12 45 Smith, A. W. 1925 L 326.2 90.0 10.0 1. 9 em in diameter and 10 em long; prepared by fusing 99. m+ pure alumi-
rlum and copper supplied by Baker; electrical conductivity 26.0 x 101 

Q-1 cm-1 at 23 C. 

1.3 45 Smith, A. W. 1925 L 326.2 80.0 20.0 Similar to above except electrical conductivity 20.9 x 10~ 0,-1 cm-1 at 23 C. 

1.4 45 Smith, A.W. 1925 L 326.2 70.0 30.0 Similar to above except electrical conductivity 18.5 x 104 0-1 crn! at 23 C. 

15 45 Smith, A. W. 1925 L 326.2 50.0 50.0 Similar to above except electrical conductivity IS. 3 x 104 0-1 cm-1 at 23 C. 

16 42 Eucker., A. and 1935 R 81,273 96.0 4.0 Cast sheet; amlealed at 510 C for 45 min and quenched in ice water; elec-
Warrentrup, H. trical resistivity 1. 409 and 3.600 fJ.0 em at -192 and 0 C, respectively. 

,~ Not shown in figure. 



TABLE 3. THERMAL CONDUCTIVITY OF ALUMINUM + COPPER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Yelr Specimen (weight percent) Composition (continued), Specifications, and Remarks No. No. Used Range,K Des ignation Al Cu 

17 46 Griff:ths, E. and 19~2 L 353-453 V 671 A 88.0 12.0 15 in. long and 1 in. in diameter; supplied by Metallurgical Dept. of 
Shake spear, G.A. National Physical Laboratory (England); chill-cast. 

18 46 Griff:ths, E. and 19~2 L 373-573 V 671 D £8.0 12.0 Prepared from commercially pure aluminum; 15 in. long and 1 in. in 
Shakespear, G.A. diameter; supplied by Metallurgical Dept. of National Physical Lab. ; 

annealed at 450 C. 
~ 

19 46 Griffiths, E. and 19~2 L 373-573 V 671 C 88.0 12.0 Similar to above specimen except sand-cast. ::E: 
Shakespear, G.A. n:'! 

::IU 

20 58 Mikryukov, V. E. and 1951 E 288-777 99.5 0.5 3 mm diameter and 300 mm long; prepared from 99.9 pure AI. ~ » Karagezyan, A. G. ,.. 
21 58 Mikryukov, V. E. and 1961 E 328-723 99.0 1.0 Similar to above. n 

Karagezyan, A. G. 0 
Z 

22 58 Mikryulwv, V. E. and 19£31 E 333-762 96.0 4.0 Similar to above. C 
Karagezyan, A. G. c: 

n 
23 58 Mikryukov, V. E. and 1951 E 288-781 93.0 7.0 Similar to above. ~ 

Karagezyan, A. G. <: 
:::; 

24 58 Mikryukov. V. E. and 19(31 E 334-792 90.0 10.0 Similar to above. -< 
Karagezyan, A. G. 

0 
25 43 SatteC'thwaite, C. B. 1952 L 0.4-1. 2 AJ-26 0.3 Bar specimen with end sections machined to O. 5 in. diameter and O. 375 in. "TI 

long, and with center portion 3.2 cm long milled to O. 5 mm thick and '" 2 mm wide; electrical resistivity ratio p (273K)/p (1. 2K) = 26; transition Z 
temperature (5. c. ) T c :::: 1. 149 K; in super conducting state. » 

::IU 
26 43 Satterthwaite, C. B. 1952 L 0.4-1. 3 A~-26 The above specimen measured in normal state; reported values calculated -< 

from the given formula k = 0.242 T 0N cm-1 ~1) in the same tempera- » ture range as above. ,.. ,.. 
27 115 ElfIein, M. 1937 L 298-39B ],1 Cylindrical specimen 1. 5 cm in diameter and 3.0 cm in length; cast from 0 

98 to 99 pure Al bar (contamination: < 1. 0 Fe, < 0.9 Si, and < 0.1 Cu + -< 
Zn) and key alloy (50 Al and 50 Cu) at 750 C, and then cooled in air; CIt 

electrical resistivIty reported as 5.00 p.O cm at 20 C. -< 
!o- CIt 

~ 
." 28 115 E1fIein, M. 1937 L 298-393 I,5 5 Similar to the above specimen except 99.5 pure Al notch bar (contamina- m :r tion: 0.28 Fe and 0.22 Si) used for the melting; electrical resistivity 3: '< 
!II ~eported as 4. 56 p.0 cm at 20 C. CIt 
n 
:r 29 115 ElfIein, M. 1937 L 298-3903 J,5A 5 Similar to the above specimen except electrical resistivity reported as • 
~ 4. 66 p.O cm at 20 C. 
~ 

30 1.15 ElfIein, M. 1937 L 298-39~ l,5B Similar to the above specimen except electrical resistivity reported as ~ 
C 4.42p.0 cm at 20 C. 
a 

31 116, Aliev, N.A. 1953 L 295.2 1 10.24 1. 25 cm2 in cross-section and O. 64 cm thick; electrical conductivity 1 
< L68 21. 18 x 104 0-1 cm-1; total Lorenz function 2.564 x 10-8 V2 1(""2. 

~ 32 L16, . Aliev, N. A. 1953 L 295.2 2 20.78 1. 25 cm2 in cross-section and O. 79 em thick; electrical conductivity 
.:"4 t68 18.79 x 1040-1 cm-1; total Lorenz function 2.594 x 10-8 V2 1(""2 • 
Z 
!' 33 L16. Aliev, N.A. 1953 L 295.2 3 30.32 1. 25 cm2 in cross-section and O. 90 cm thic]c; electrical conductivity 
~ L68 16.72 x 104 0-1 cm-1; total Lorenz function 2.652 x l(r8 V2 1(""2. 

..0 
.." ..0 ..., ..... 
CD 



~- ..0 ..., 
"U 

TABLE 3. THERlVIAL CONDUCTIVITY OF ALUMINUM + COPPER ALLOYS -- SPECIMEN CHARACTERIZA.TION AND MEASUREMENT INFORMATION (continued) 01) ::r 
'< 
!II 
n 
::r 
f!l Name and Composition 
? Cur. Ref. Author(s) Year 

Method Temp. 
Specimen (weight percent) Composition (continued), Specifications. and Remarks 

:lU No. No. Used Range,K 
~. Designation Al Cu 

0 
34 Aliev, N.A. 40.82 1. 25 cm2 in cross-section and O. 68 cm thick; electrical conductivity Q 116, 1953 L 295.2 4 

.!O 168 15.26 x 104 0-1 cm-I ; total Lorenz function 2.455 x 10-8 V2 I~2. 
< 

Aliev, N.A. 295.2 1. 25 cm? in cross-section and O. 70 cm thick; electrical conductivity ~ 35 116, 1953 L 5 48.00 

~ 168 12.41 x 104 0-1 cm-I ; total Lorenz function 2.378 x 10-8 V2 K-2. 

Z 36 47 Hanson, D. and 1932 L 338,438 3 98.47 1. 01 0.209 Fe; original composition reported as 98.99 Al (containing 0.21 Fe 
~ Rodgers, C.E. and 0.29 Si) and 0.287 Si; as cast. !A 

37 47 Hanson, D. and 1932 L 338,438 5 94.47 5.06 0.199 Fe; original composition reported as 94.94 Al (containing 0.21. Fe 
'-I) 

Rodgers, C. E. and 0.29 Si) and 0.275 Si; as cast. '" ~ 
38 47 Hanson, D. alld 1932 L 338,438 6 92.34 7.20 0.195 Fe; original composition reported as 92.80 Al (containing 0.21 Fe 

Rodgers, C. E. and 0.29 Si) and 0.269 Si; as cast. 

39 47 Hanson, D. and 1932 L 338,438 8 88.05 11. 51 0.186 Fe; original composition reported as 88.49 Al (containing 0.21 Fe 
Rodgers, C. E. and 0.29 Si) and 0.257 Si; as cast. 

40 47 Hanson, D. and 1.932 L 338,438 9 79.52 15.46 0.78 Fe; original composition reported as 84.54 Al (containing 0.21 Fe 
Rodgers, C. E. and 0.29 Si) and 0.245 Si; as cast. 

41 47 Hanson, D. alld 1932 L 338,438 3A 98.49 1. 01 0.209 Fe; original composition reported as 98.49 Al (containing 0.21 Fe 
Rodgers, C. E. and 0.29 Si) and 0.287 Si; as cast. :J: 

0 
42 47 Hanson, D. and 1.932 L 338,438 5A 94.47 5.06 0.199 Fe; original composition reported as 94.94 Al (containing 0.21 Fe m 

Rodgers, C. E. and 0.29 Si) and 0.275 Si; annealed at 500 C for 24 hr, furnace cooled. -4 

43':' 47 Hanson, D. and 1932 L 338,438 6A 92.34 7.20 0.195 Fe; original composition reported as 92.80 Al (containing 0.21 Fe > 
Rodgers, C. E. and 0.29 Si) and 0.269 Si; annealed at 500 C for 24 hr, furnace cooled. :-

44':' 47 Hanson, D. and 1932 L 338,438 8A 88.05 11.51 0.186 Fe; original composition reported as 88.49 Al (containing 0.21 Fe 
Rodgers, C. E. and 0.29 Si) and 0.257 Si; annealed at 500 C for 24 hr, furnace cooled. 

45':' 47 Hanson, D. alld 1932 L 338,438 9A 84.12 15.46 0.178 Fe; original composition reported as 84.54 Al (containing 0.21 Fe 
Rodgers, C. E. and 0.29 Si) and 0.245 Si; annealed at 500 C for 24 hr, furnace cooled. 

46 47 Hanson, D. and 1932 L 338,438 lOA 79.52 20.08 0.168 Fe; original composition reported as 79.92 Al (containing 0.21 Fe 
Rodgers, C. E. and 0.29 Si) and 0.232 Si; amlealed at 500 C for 24 hr, furnace cooled. 

47':' 47 Hanson, D. and 1932 L 338,438 llA 74.03 25.60 0.156 Fe; original composition reported as 74.40 Al (containing 0.21 Fe 
Rodgers, C. E. and 0.29 Si) and 0.216 Si; annealed at 500 C for 24 hr, furnace cooled. 

48':' 47 I-Ianson, D. and 1932 L 338,438 12A 69.17 30.46 0.146 Fe; original composition reported as 69.54 Al (containing 0.21 Fe 
Rodgers, C. E. and O. 29 Si) and 0.202 Si; annealed at 500 C for 24 hr, furnace cooled. 

49 47 Hanson, D. a.nd 1932 L 303,373 10 79.52 20.08 0.168 Fe; original composition reported as 79.92 Al (containing 0.21 Fe 
Rodgers, C. E. and 0.29 Si) and 0.232 Si; as cast. 

':' Not shown in figure. 



TABLE 4. T:IERMAL CC>NDUCTIVITY OF COPPER + ALUMINUM ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Cur. REf. Method Temp. Name and Composition 
Althor(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K Designation Cu Al 

4{ Griffiths, E. and 1928 L 343-480 Aluminum 90.0 10.0 2.53 cm in diameter ~nd 38 cm long; chill-cast and annealed; electrical 
Schofield, F. H. bronze; 6 resistivity reported as 14.7, 15.6, 16.0, 16.7, 17.5, and18.3~o,cm 

at 293, 348, 373, 423, 473, and 523 K, respectively. 

49 Smith, C. S. and 1935 L 293,473 100 99.77 0.22 0.01 Fe; 0.75 in. in diameter and 8 in. long; rolled, annealed, and cold-
Palmer, E.W. drawn; heat-treated at 750 C for 2 hr; electrical conductivity reported 

as 41. 91 and 27.59 x 104 0,-1 cm- 1 at 20 and 200 C, respectively. -t 
3 4~) Smith, C.S. and 1935 L 293,473 101 99.47 0.47 0.02 Fe; similar to the above specimen except electrical conductivity X 

'" Palmer, E. W. reported as 32.10 and 22. 91 x 104 0,-1 cm- 1 at 20 and 200 C, respectively. ;la 

4 49 Smith, C. S. and 1935 L 293,473 76 99.20 0.71 0.09 Fe; similar to the above specimen except heat-treated at 700 C; 3: » Palmer, E.W. electrical conductivity reported as 23.40 and 17.95 x 104 0,-1 cm-1 at ,.. 
20 and 200 C, respectively. ('\ 

5 49 Smith, C. S. and 1935 L 293,473 77 98.08 1. 89 0.03 Fe; similar to the above specimen except electrical conductivity 0 
Z Palmer, E. W. reported as 15.91 and 13.00 x 100l 0- 1 cm- 1 at 20 and 200 C, respectively. C 

6 49 Smith, C. S. and 1935 L 293,473 45 95.25 4.61 0.14 Fe; similar to the above specimen except electrical conductivity C 
('\ 

Palmer, E. W. reported as 10.26 and 8.824 x 104 n- 1 cm- 1 at 20 and 200 C, respectively. -t 

7 49 Smith, C. S. and 1935 L 293,473 46 92.15 7.72 0.13 Fe; 0.75 in. in diameter and 8 in. long; rolled, annealed, and cold- <=: 
:::t Palmer, E. W. drawn; heat-treated at 750 C for 3.5 hI'; slowly cooled in furnace; -< electrical conductivity reported as 8.834 and 7.65 x 10" 0,-1 cm- 1 at 
0 20 and 200 C, respectively. 
'TI 

49 Smith, C. S. and 1935 L 293,473 102 90.56 9.37 0.07 Fe; similar to the above specimen except heat-treated at 750 C for ell' Palmer, E. W. 2 hI', then very slowly cooled in furnace to 550 C, held for 4 hr, again Z furnace-cooled to 450 C, held for 16 hr, cooled to room temperature; » electrical conductivity reported as 8.24 and 7. 056 X 104 0, -1 cm- 1 at ;Ia 
20 and 200 C, respectively. -< 

9 49 Smith, C. S. and 1935 L 293,473 130 87.76 12.15 0.09 Fe; similar to the above specimen except electrical conductivity )I-,.. 
Palmer, E. W. reported as 6. 925 'and 5.738 x 104 0,-1 cm- 1 at 20 and 200 C, respectively. w-

0 10 47 Hanson, D. and 1932 L 333,543 30a 98.25 1. 75 Prepared from Al (containing 0.21 Fe, 0.29 Si) and high grade CUi 0.5 in. -< 
Rodgers, C.E. diameter and 6.5 in. long; cast in iron mould 7 in. long and 9/16 in. in CIl ~ diameter, machined to size; annealed at 500 C. -< .,., 

CIl :r 11 47 Hanson, D. and 1932 L 333,543 28 94.90 5.10 Similar to the above specimen. -t 
~ '" n 

Rodgers, C. E. ~ 
:r 12 47 Hanson, D. and 1932 L 333,543 27a 91.55 8.45 Similar to the above specimen. CIl 
til 

? Rodgers, C. E. ,., 
13 47 Hanson, D. and 1932 L 333,543 25 87.22 12.78 Similar to the above specimen. ~ 

0 Rodgers, C. E. 
0 

14 45 Smith, A.W. 1925 L 326.2 50.0 50.0 1. 9 cm in diameter and 10 em long; prepared by double-fusing the Baker's it 
< analyzed copper and aluminum; electrical conductivity 15.3 x 10" 0,-1 

~ cm- 1 at 23 C. 

:-' 15 45 Smith, A. W. 1925 L 326.2 60.0 40.0 Similar to the above specimen except electrical conductivity 10.6 x 104 0,-1 
Z cm- 1 at 23 C. 
~ 
~ 16~~ 45 Smith, A. W. 1925 L 326.2 70.0 30.0 Similar to the above specimen except electrical conductivity 9.76 x 104 0-1 

:0 cm- 1 at 23 C. 
..... ..., 
CD "* Not shown in figm-e. 

..., ..., 



~ TABLE 4. THERMAL CON:JUCTIVITY OF COPPER + ALUMINUM ALLOYS -- SPECIMEN CH.~RACTERIZATION AND MEASUREMENT INFORMATION (continued) ." <:) ::r <:) 

~ <:) 

n Name and Composition ::r Cur. Ref. Method Temp. It Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 
~ No. No. Used Range,K Designation Cu Al 
;IU 

~ 17 45 Smith, A.W. 1l!25 L 326.2 80.0 20.0 Similar to He above specimen except electrical conductivity 3.60 x 104 0- 1 
0 
a cm- t at 23 C. 
it 

Eimilar to n.e above specimen except electrical conductivity 9.98 x 10' 0- 1 < 18 45 Smith, A.W. 1925 L 326.2 90.0 10.0 
~ cm- 1 at 23 C. 
...... 19 51 Salter, J. A. M. and 1967 L 1. 7-4. 2 2S 99.17 0.83 Calculated composition; single crystal; grown in a sealed graphite mould 
Z Charsley, p. using the Bridgman technique; annealed in vacuo at 750 C for 14 hr; 
~ residual electrical resistivity 2.07 ",,0 cm. !-'> 
-0 

20 51 Salter, J. A. M. and 1967 L 1. 6-4. 2 2 99.10 0.90 Calculated composition; polycrystalline; rod specimen 3 mm in diameter; 
..... Charsley, P. annealed in vacuo at 750 C for 14 hr; residual electrical resistivity ClII 

2.12",,0 em; grain size 0.008 cm. 
21 51 Salter, .J. A. M. and 1967 L 1. 8-4.1 2AR 99.17 0.83 Calculated composition; polycrystalline; rod. specimen 3 mm in diameter; 

Charsley, P. residual electrical resistivity 2.10 ",,0 cm; grain size 0.0015 cm. 

22 51. Salter, J.A.M. and 1967 L 1.7-4.2 8S 96.69 3.31 Calculated composition: single crystal; grown in a sealed graphite mould 
Charsley, P. using the Bridgman technique; annealed in vacuo at 750 C for 14 hr; 

residual electrical resistivity 6.50 /.L 0 cm. 
23 51. Salter, J.A.M. and 1967 L 1.7-4.2 8 95.91 4.09 Calculated composition: polycrystaUine; rod specimen 3 mm in diameter; 

Charsley, P. annealed in vacuo at 750 C for 14 hr; grain size 0.0063 cm; residual :z:: electrical resistivity 6.63 J.I. 0 cm. 
0 

24 51. Salter, J. A. M. and 1967 L 1. 5-4. 2 12 94.89 5.11 Calculated composition; similar to the above specimen except residual m Charsley, P. electrica~ resistivity 7.21 ",,0 cm and grain size 0.011 cm. ~ 

25* 51. Salter, J. A. M. and 1967 L 1. 9-4.1 12(550) 94.72 5.28 Calculated composition: polycrystalline; rod specimen 3 mm in diameter; » 
Char sley, P. annealed in vacuo at 550 C for 14 hr; grain size 0.0025 cm; residual r 

electrical resistivity 7.41 /.LO cm. 

26 51. Salter, J. A. M. and 1967 L 1.7-4.0 12(450) 94.72 5.28 Calculated composition: polycrystalline; rod specimen 3 mm in diameter; 
Charsley, P. annealed in vacuo at 450 C for 14 hr; residual electrical resistivity 

7.57 /.LO cm; grain size 0.0009 cm. 

27 117 Charsley, P., 1968 L 1.7-4.1 94.87 5.13 Single crystd; 0.2 x 10 x 2.5 cm; prepared by International Research and 
Leaver, A.D. W. and Development Co.; grown in graphite mould using Bridgman technique; 
Salter, J. A.M. measured in jig in the relaxed condition. 

28 117 Charsley, P., et al. 1968 L 1. 8-4.1 94.87 5.13 The above s~ecimen; measured in jig under a stress of 7 kg mm-2. 

29 117 Charsley, P., et al. 1968 L 1.7-4.2 94.87 5.13 Polycrystalline; prepared by International Research and Development Co.; 
measured in jig in the relaxed condition. 

30':' 117 Charsley, P., et al. 1968 L 1.7-4.1 94.87 5.13 The above specimen; annealed at 750 C for 15 hr and measured in jig under 
a stress of 7 kg mm-2• 

31 117 Charsley, P., et al. 1968 L 1. 9-4.1 AtA2; cross 1 94.87 5.13 Single crystal; grown in graphite mould using Bridgman technique; prepared 
by Interntttional Research and Development Co.; cross shape specimen 
obtained \)y cutting perpendicular to the large face of the crystal (0.2 x 
10 x 2.5 em); the orientation of the cross was chosen such that the 
primary edge disloctttions made equal angles with both arms AtA2 and 
B1~' the angle between the screw dislocations and these two directions 
however differed; heat flow in the arm At A2 direction (angle to edges 
55°, and angle to screws 35°). 

* Not shown in figure. 



TABLE 4. THERMAL CONDUCTIVITY OF COPPER + ALUMINUM ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. ~o. Used Range,K Designation Cu AI 

32':< 117 Charsley, P., 1968 L 2.0-4.2 A1A2; cross 1 94.87 5.13 The above specimen measured in different cryostats,. 
Lea-ver, A. D. W. and 
SaltEr, J. A.M. 

33 117 Charsley, P., et al. 1968 L 1. 7-4.1 B1~; cross 1 The above specimen; heat flow in the arm B1 ~ direction (angle to edges 
630

, and angle to screws 73°). 

34* 117 Charsley, P., et aI. 1968 L 1.7-4.2 At A2; cross 2 94.87 5.13 Similar to the above specimen except the orientation of the cross was chosen 
.... 
:x: 

such that the primary edge dislocations made different angles with both m 
::0 

arms A1A2 and Bl~' the angle between the screw dislocations and these 3: 
two directions however equal: heat flow in the arm AIA2 direction (angle » 
to edges 800

, and angle to screws 52<). ,... 
35>',< :17 Charsl~y, P., et al. 1968 L 1. 8-3.4 Bl~: cross 2 The above specimen; heat flow in the arm Bl~ direction (angle to edges n 

0 46°, and angle to screws 52°). Z 
36 19 Lindenfeld, P. and 19€2 L 1. 4-4. 2 0.617 Calculated composition; 3 x 0.125 x 0.031 in. : prepared from 99.999 pure tJ 

c: Pennebaker, W, B. Cu and 99.99+ pure AI; materials melted, outgassed in vacuum, stirred n 
for 0.5 hr, then cast; annealed at 700 C for 22 hr: residual electrical .... 
resistivity 2.10,.,.0 cm. < =t 37 55 Inouye, H. 191)7 C 309-1171 94 6 Iron and alumina used as comparative materials: data taken from smoothed -< 
curve. 

0 
38 55 Inouve, H. 1957 C 348-1U5 92 Similar to the above specimen. "" 
39 118 Cha::,sley, P. and 1965 IJ 1. 8-4.f! 4 1. 84 Calculated composition; polycrystalline: 3 mm diameter and 12 cm long: !! 

Salter, J. A.M. prepared by International Research and Development Co., Ltd.; mater- Z 
ials melted in pure argon, cast, machined, swaged, and drawn; annealed » 

::0 
in vacuo at 750 C for 14 hr: residual electrical resistivity 3.88 /JO cm. -< 

40 118 Charsley, P. and 1965 L 2.3-4.2 6 2.68 Similar to the above specimen except residual electrical resistivity 5.20 » 
Salter, J. A.M. tJ.O cm. 

,... ,... 
41 118 Charsley, P. and 1965 L 2.0-4.4 10 4.22 Similar to the above specimen except residual electrical resistivity 6.62 0 

Salter, J.A.M. ,.,,0 cm. -< 
CIt ~ 42 118 Charsley, P. and 1965 L 1. 8-3.1 ]2S 5.11 Calculated composition; single crystal; 3 mm diameter and 12 cm long; -< "V 

Salter, J.A.M. grown by the Bridgman technique; grain size 0.1"'" 0.3 mm; residual CIt -.::r .... 
~ electrical resistivity 7.49 ,.,,0 cm. m 
n 3: 
-.::r 43 118 Charsley, P. and 19&5 L 2.2-4.Z 12S The above specimen; 2nd run. CIt ., 

Salter, J. A. M. ? 
'" 44 118 Charsley, P. and 19&5 L 2.5-4.0 12S Similar to the above specimen. 
~ Salter, J.A.M. 
0 

Calculated composition; single crystal; cross-sectional area 2.546 mm2; a 45 53 Kusmoki, M. and 1939 L 1.7-4.3 Specimen 93.03 6.97 
~ Suzuki, H. N),5 prepared from 99.999 pure CU (Mitsubishi-Kinzoku Co. Ltd.) and 
< 99.99 pure Al (Sumitomo-Kinzoku Co. Ltd.) by melting in a high purity 
~ graphite crucible by induction heating; grown in a splitting graphite 
~ mould by the Bridgman method using a seed crystal; annealed at 1000 C 
Z for 48 hr in a vacuum better than Hr 5 mm Hg; electrolytically polished 
~ 

in phosphoric acid-ethyl alcohol; dislocation density 5.8 x 1010 cm- 2; 
~ 

residual electrical resistivity 7.617 ,." n cm • 
..0 

0 'I 
CD 0 
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M ~ TABLE 4. THERMAL CONDUCTIVITY OF COPPE3. + ALUMINUM ALLOYS -- SPECIMEN CHARACTERIZ,<\TION AND MEASUREMENT INFORMATION (continued) n 

::r 
~ 

? Name and Composition 
;IU Cur. Ref. Author(s) Year 

Method Temp. 
Specimen (weight percent) Composition (continued), Specifications, and Remarks ~ No. No. Used Range,K Designation Cu AI 0 a ; 46 53 Ku&noki. M. and 1969 L 1. 7-4.3 Specimen 93.03 6.97 Similar to the above specimen except specimen cross-sectional area < Suzuki, H. No.9 2.924 mm2, dislocation density 1. 0 x 106 cm-2• and residual electrical ~ 

. "" resistivity 7 • 1 08 ,.,,0 em • 

Z 47 53 Kusunoki, M. and 1969 L 1. 8-4.3 Specimen Similar to the above specimen except specimen cross-sectional area 
!> Suzuki, H. No. 11 1.535 mm2, dislocation density 6.6 x 1010 cm-2 , and residual electrical. 
~ resistivity 7 • 568 ,.,,0 em . 
..0 48':' 53 Kust:noki, M. and 1969 L 1. 7-4.3 Specimen Similar to the above specimen except specimen eros s-sectional area "" 0) Suzuki, H. No. 12(1) 1.915 mm2, dislocation density 2.0 x 1010 cm-2, and residual electrical 

reSistivity 7.562 #LO em, 

49 53 Kusunold, M. and 1969 L 1. 7-4.3 Specimen Similar to the above specimen except specimen cross-sectioMl area 
Suzuki, H. No. 13(1) 2.318 mm2, dislocation density 3.6 x 109 cm-2, and residual electrical 

reSistivity 7.571 ,.,,0 cm. 

50 53 Kust:l1old, M. and 1969 L 1. 6-4.3 Specimen Similar to the above specimen except specimen cross-sec:ional area 
Suzuki, H. No. 13(2) 2.055 mm2, dislocation density 4.4 x 1010 cm- 2, and residual electrical 

resistivity 7.605 #LO em. 

51 53 Kust:nolti, M. and 1969 L 1. 8-4.3 Specimen Similar to the above specimen except specimen cross-sec~ional area :J: 
Suzuki, H. No. 14 1. 569 mm2, dislocation density 8.4 x 1010 cm- 2 , and residual electrical 0 

resistivity 7.641 #LO em. m .... 
52 53 Kust:nold, M. and 1969 L 1. 7-4.4 Specimen Same fabrication method and heat-treatment as the above specimen except » Suzuki, H. No. 12(2) no other details reported. : 
53 116, Alie'!, N.A. 1953 L 295.2 6 50.45 1. 25 cm" in cross-secticn and 0.50 cm thick; electrical conductivity 

168 10.68 x 10! 0-1 cm- 1 j total Lorenz function 2.345 x 10- 8 V2~2. 

54 116, Alie'" N.A. 1953 L 295.2 7 53.00 1.25 cm" in cross-section and 0.96 cm thick; electrical conductivity 
168 10.74 x 101 0- 1 cm-1; total Lorenz function 2.334 x 10- 8 V2K-2. 

55'~ 116, Alie'" N. A. 1953 L 295.2 8 55.00 1. 25 cm2 in cross-section and 0.52 cm thick; electrical conductivity 
168 10.82 x lo' 0-1 cm- 1; total Lorenz function 2.348 x 10- 8 V2K-2. 

56 116, Alie'r, N. A. 1953 L 295.2 9 59.62 1. 25 cm2 in cross-section and 0.52 cm thick; electrical conductivity 
168 9.98 x 104 0- 1 cm- 1; total Lorenz function 2.994 x l(J~ v2K-2. 

57 116, Alie,,', N. A. 1953 L 295.2 10 69.99 1. 25 cm2 in cros s-section and 1.18 cm thick; electrical conductivity 
168 8.85 x 104 0-1 cm- t ; total Lorenz function 2.233 x 10-8 yllK-2. 

58 116, AI imr , N.A. 1953 L 295.2 11 '71.00 1. 25 cm2 in cross-section and 0.96 cm thick; electrical conductivity 
168 7.75 x 104 0- 1 cm- 1; total Lorenz function 2.438 x 10-1 y2K-2. 

59 116, Alie'r, N.A. 1953 L 295.2 12 73.00 1. 25 em" in cross-section and 1.49 cm thick; electrical conductivity 
168 6.71 x 104 0- 1 cm- 1; total Lorenz function 2.247 x 10-1 V2K-2. 

60 116, Alie'" N.A. 1953 L 295.2 13 76.00 1. 25 cm2 in cross-section and 0.80 cm thick; electrical conductivity 
168 6.02 x 104 0- 1 cm- 1; total Lorenz function 2.438 x 10-1 V2K-2. 

61 116, Alie', , N.A. 1953 L 295.2 14 "7.00 1. 25 cm2 in cross-section and 0.74 cm thick; electrical conductivity 
168 ' 4.25 X 104 0- 1 cm- 1; total Lorenz function 2.438 x l(r l y2J{-2. 

62 116, Aliei, N.A. 1953 L 295.2 15 '78.00 1.25 cm2 in cross-section and 0.80 cm thick; electrical conductivity 
168 3~ 54 x 104 0-1 cm- 1; total Lorenz function 2.392 x 10-1 y2K-2. 

':' Not shown in figure. 



TABLE 4. THERMAL COl'DUCTIVITY OF COPPER + ALUMINUM ALLOYS -- SPECIMEN CEARACTER]ZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K Designation Cu Al 

63 116, Aliev, N.A. 1953 L 295.2 16 79.58 1.25 cm2 in cross-section and 0.98 cm thick; electrical conductivity 
168 4.16 x 104 0- 1 cm- I ; total Lorenz function 2.360 x 10-8 V2K-2. 

64 116, Aliev, N.A. 1953 L 295.2 17 83.00 1.25 cm2 in (ross-section and 1.16 cm thick; electrical conductivity 
168 5.95 x 104 0-1 cm- 1; total Lorenz function 2.277 x 10-8 V2I("" 2 . 

65 116, Aliev, N.A. 1953 L 295.2 18 88.00 1.25 cm2 in cross-section and 1.35 cm thick; electrical conductivity 
168 7.40 X 104 0-1 cm-1; total Lorenz function 2.348 x Hr8 V2I("" 2 . -I 

66'~ 116, Aliev, N.A. 1953 L 295.2 19 89.22 1.25 cm2 in cross-section and 0.60 cm thick; electrical conductivity 
:r: 
m 

168 10.04 x 104 0-1 cm- 1 i total Lorenz function 2.304 x 10-8 V2K-2. ~ 

~ 
67 116, Aliev, N.A. 1953 L 295.2 20 95.00 1.25 cm2 in cross-section and 0.51 cm thick; electrical conductivity » 

168 10.50 x 104 0-1 cm- 1 i total Lorenz function 2.258 x 10-8 V2K-2. 
,.. 

68 ~~ 169 Charsley, P. and 1965 L 1. 6-4.1 5.47 Polycrystalline specime:l; annealed. n 
0 

Salter, J.A.M. Z 
69 169 Charsley, P. and 1965 L 1. 6-4. 5 5.47 Polycrystalline specime:l; plastically deformed (6%). 0 c: 

Salter, .J. A. M. n 
70':' 169 Polycrystalline specime1.; plastically deformed (12%). 

-I 
Charsley, P. and 1965 L 2.4-4.2 5.47 <: 
Salter, J. A. M. =i 

71 52 Charsley, P., Salter, 1968 L 1.6-4.2 2 0.90 Polycrystalline; 3 mm in diameter and 10 cm long; prepared by International -< 
J. A. M. and Lewer, Research and Oevelopment Co., Ltd.; annealed at 750 C for 15 hr in 0 
A.D.W. graphite tubes in vacuo and furnace cooled. ." 

72 52 Charsley, P., at ale 1968 L 1. 6-4.0 2 (2.9%) 0.90 Similar to the above specimen except 2.9% deformed. all 

Z 
73 52 Charsley, P., at ale 1968 L 1. 6-4. 2 2 (10%) 0.83 Similar to the above specimen except 10% deformed. » 
74'~ Charsley, P., 9t al. L 8 (6%) Similar to the above specimen except 6% deformed. 

~ 
52 1968 1. 7-4. 2 4.09 -< 

75':' 52 Charsley, P., 9t al. 1968 L 1.6-4.4 12 (6.2%) 5.11 Similar to the above specimen except 6. 2% deformed. » ,.. 
76':' 52 Charsley, P., at al. 1968 L 2.4-4.2 12 (12.8%) 5.28 Similar to the above specimen except 12.8% deformed. 

,.. 
0 

77':' 49 Smith, C. S. an:! 1935 L 293,473 Bar 50 89.88 9.90 0.22 Fe; 0.75 in. diame:er and 8 in. long; rolled to 1. 25 in. in diameter, -< 
Palmer, E.W. annealed at 700-750 C, cold-drawn to size; heat-treated at 750 C for CA 

!- 3.5 hr, slowly air-ceoled; electrical conductivity 7.923 and 6.724 x 104 -< 
CIt 

'V 0-1 cm- 1 at 20 and 200 C, respectively. -I ::r m '< 
!" 78 49 Smith, C. S. amI 1935 L 293,473 Bar 49 89.38 9.41 0.52 Fe, 0.3'3 Sn, 0.31 Ni, and trace Zn; 0.75 in. diameter and 8 in. long; ~ 
n Palmer, E. W. same fabrication met:1od as the above specimen; heat-treated at 750 C CA 
::r 
CD for 3.5 hr, very slowly cooled; electrical conductivity 7.314 and 6. 364 x 
? 104 0-1 co-1 at 20 am 200 C, respectively. 
;IICI 

~ 79* 119, Friedman, A.J., 1972 L 1. 7-4.0 A 4.07 Polycrystalli:le; form factor 37.50 cm-1; prepared from 99.999 pure copper 
0 169 Chu, T.K., Klemens, supplied by Johnsons and Matthey and from 99.99 pure aluminum sup-
0 P.G., and plied by JarrellAsh Co. by melting in an evacuated quartz beat, casting 
~ Reynolds, C.A. into a quartz capillary arid quenching in an ice bath; annealed in vacuo at 
< 1273 K for 18 hr; average grain size 1 mm; residual electrical resistivity 
It 7.511l0cm. 
~ 
Z 
!:I 
~ ':' Not shown in figure. 
-0 0 
"-I 0 
O!I (.,) 
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TABLE 4. THERMAL COND:]CTIVITY OF COPPER + ALUMINUM ALLOYS -- SPECIMEN CHAHACTERIZATION AND MEASUREMENT INFORMATION (continued) 
0 ::r ~ 

~ 
n 
::II'" 
tl.I Name and Composi tion 3 Cur. Ref. Method Temp. 
:;It! No. No. Author(s) Year Used Range,K Specimen (weight percent) Composition (continued), Specifications, and Remarks 

~ Designation Cu Al 
a 

80~1. 119, A The above specimen irradiated for 6 hr at 25 to 60 C at the Brookhaven III Friedman, A.J., 1972 L 1. 5·-3.8 yr 169 Chu, T.K., Klemens, National Laboratory Bl\ffiR facility for a total fast neutron (> 1 MeV) 
<: P.G., and dosage of 4 :{ 101'1 n cm-2 and a total thermal dosage of 1 x 1015 n cm-2 ; 
~ Reynolds, C.A. f:>rm factor 37. 57 cm -1; residual electrical resistivity 7.46 p.Q cm. 
""4 

Z 8l~~ 119, Friedman, A. J • , 1972 L 1. 7-3.8 B 4.07 Some fabrication method as the above specimen A; form factor 35.67 cm -1; 

? 169,170 et al. residual electrical resistivity 7.60 ,.,ncm. 
~ 82~~ 119, Friedman, A.J., 1972 L 1. 3-3. 7 B The above specimen deformed in tenSion, 6.1%, at room temperature; form 
-0 169,170 eta1. flctor 47.4 em-I; residual electrical resistivity 7.89 p.Ocm. 
'" i!lIl> 83'~ 119, Friedman, A.J., 1972 L 1. 3-3. 8 B The above specimen annealed in vacuo at 573 K for 24 hr; form factor 47.0 

169 et al. em-I; residt2al electrical resistivity 7.90 IJf1, cm. 
844~ 119, Friedman, A.J., 1972 L 1.4-3.9 B The above specimen irradiation treated same as the above specimen A for 

169 I')t a1. curve No. 73; form factor 46.9 cm-I ; residual electrical resistivity 7.83 
pncm. 

854~ 119, Friedman., A .• T., 1972 L 1. 6-3.8 B The above specimen annealed in vacuo at 573 K for 24 hr; form factor 46.6 
1.69 et al. em -I; residt:al electrical resistivity 7.95 ,.,n cm. 

86·'~ 54 Mitchell, M. A. , 1971 L 1. 3-4.1 A 4.5 Obtained from Materials Research Corp., Orangeburg, N. Y.; prepared % 
Klemens, P. G. , and from 99.999 pure Al and Cu by vacuum induction melting, then machin- 0 
Reynolds, C.A. i:lg and swaging to 0.125 in. in diameter; cold-worked in liquid nitrogen, m 

hen kept at 293 K for 3 hr; residual electrical resistivity 7. 9951J.O cm.· .... 
8r~ 54: Mitchell, M. A. , 1971 L 1. 4-4.1 B Similar to the above specimen A but annealed at 1193 K for 48 hr after > 

et a1.. cold-work; residual electrical reSistivity 7.461 ,.,n cm. : 
8gi~ 54 Mitchell, M. A. , 1971 L 1. 3-4. 2 C1 Similar to the above specimen A but annealed at 1123 K for 28 hr after 

et al. cold-work, then given 9. fflo torsional strain at 293 K, re-annealed at 
300 K for 12 hr; residual electrical resistivity 7.468 IAA cm. 

894~ 54: Mitchell, M. A. , 1971 L 1..4-4.1 C2 The above specimen re-annealed at 373 K for 48 hr; residual electrical re-
et a1. sistivity 7. 450 p.O cm. 

90* 54 Mitchell, M.A., 1971 L 1.4-4.0 C3 The above specimen re-annealed at 693 K for 20 hr; residual electrical re-
et al. sistivity 7.453 IJf1, cm. 

91* 54 Mitchell, M.A., 1971 L 1. 3-4.1 C4 The above specimen re-annealed at 713 K for 48 hr; residual electrical re-
et al. sistivity 7. 4[)4 ,..n cm. 

92"t 54 Mitchell,. M. A. , 1971 I, 1. 2-4.1 D Same composition, supplier, and fabrication method as the above specimen 
et a1. A but swaged to 3/16 in. in diameter; annealed at 1205 K for 48 hr; re-

sidual electrical resistivity 7. 350 IJ!l cm. 

93'1' 54 Mitchell, M. A. , 1971 L 1. 5-4.1 E1 Similar to the above specimen D but given, after annea.ling. 9.330/0 tensile 
et al. strain at 77 K with maximum stress 28.5 kg mm-2 and strain rate 0.0093 s-l; 

then re-annealed at 300 K for 12 hr; residual electrical resistivity 7. 586 
,.,n cm. 

94~1· 54 Mitchell, M. A. , 1971 L 1. 3-4.1 E2 The above specimen re-amealed at 422 K for 48 hr; residual electrical re-
et a1. sistivity 7.475 ~ cm. 

9s1~ 54 Mitchell, M. A. , 1971 L 1. 4-4.1 E3 The above specimen re-an'1ealed at 552 K for 48 hr; residual electrical re-
et al. sistivity 7.498 p.O cm. 

1~ Not shown in figure. 



TABLE 4. THERMAL CONDUCTIVITY OF COPPER + ALUMINUM ALLO':iS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K DeSignation eu Al 

96* 54 Mitchell, M. A •• 1971 L 1.2-4.1 E4 4.5 The above specimen ~e-amealed at 673 K for 48 hr; residual electrical 
Klemens. P. G •• and resistivity 7. 542 IJ.O cm. 
Reynolds. C.A. 

97* 54 Mitchell, M. A •• 1971 L 1. 2-4. 2 E5 The above specimen re-amealed at 797 K for 48 hr; residu£l electrical 
et ale resistivity 7.456 ,.,n cm. 

98* 54 Mitchell. M. A •• 1971 L 1. 2-4. 2 E6 The above specimen re-amealed at 920 K for 48 hr; residual electrical 
et al. resistivity '1.453 fJO cm. .... 

J: 
99* 54 Mitchell, M. A. , 1971 L 1.4-4.1 E7 The above specimen re-annealed at 1202 K for 48 hr; residual electrical m ,., 

et ale resistivity 'I. 441 ,.,n cm. ~ 
100* 54 Mitchell. M.A •• 1971 L 1. 3-4. 2 FI Similar to the above specimen E1 but annealed at 1202 K for 48 hr, then » 

r-
et. al. given 8.1gy'o tensile strain at 77 K with maximum stress 29 kg mm-2 and r strain rate 1).0081 s-l, re-annealed at 360 K for 48 hr,; residual electrical ( 

resistivity 'I. 567 iJtO cm. ~ 
101 * 54 Mitchell, M. A. , 1971 L 1. 4-4.2 F2 The above specimen re-arnealed at 564 K for 0.5 hr; residual electrical t 

C 
et al. resistivity 'i. 536 ~ cm. f" 

102* 54 Mitchell, M. A •• 1971 L 1. 2-4. 2 F3 The above specimen re-ar.nealed at 565 K for 1. 5 hr; residual electrical < et ale resistivity 'i. 536 IJO cm. =i 
103* 54 Mitchell. M. A. , 1971 L 1. 5-4. 2 F4 The above specimen re-annealed at 567 K for 48 hr; residual electrical -< 

~t al. resistivity 7.498 ",0, cm. 0 
"'" 104* 54 Mitchell. M. A .• 1971 L 1. 5-4. 2 F5 The above specimen re-annealed at 570 K for 97 hr; residual electrical 
CID et ale resistivity 7.498 fJO cm. Z 

105* 54 Mitclv~ll, M. A. , 1971 L 1. 3-4. 2 G1 Similar to the above specimen F1 but given, after annealing, 9.260/0 tensile » 
et al. strain at 77 K with maximum stress 25.1 kg mm-2 and strain rate 0.004 ,., 

s-l, re-annealed at 344 K for 48 hr; residual electrical resistivity -< 
7.644 IJ.O cn. » 

r-
106* 54 Mitchell. M. A. , 1971 L 1. 2-4. 2 G2 The above specimen re-annealed at 670 K for 0.5 hr; residual electrical r-

0 et al. resistivity '1. 625 ~ cm. -< 
107* 54 Mitchell, M. A •• 1971 L 1. 2-4. 2 G3 The above specimen re-annealed at 661 K for 1. 5 hr; residlal electrical en 

~ et al. resistivity '7. 612 ~ cn. -< en "U 
The above specimen re-annealed at 660 K for 48 hr; residual electrical 

.... :r 108* 54 Mitchell, M. A .• 1971 L 1.2-4.1 G4 m ~ et ale resistivity '7. 60 1 ~ cn. ~ n en :r 109* 54 Mitchell, M.A., 1971 L 1. 2-4. 2 G5 The above specimen re-annealed at 732 K for 48 hr; residual electrical II 

¥J et ale resistivity 7. 553 ~ em. 
;to 

110* 54 Mitchell, M.A .• 1971 L 1. 2-4.1 G6 The above specimen re-annealed at 1308 K for 48 hr; residual electrical II 
=" et ale resistivity 7. 576fJO cm. 
0 
0 111 48, Chu, r. K. and 1972 L 4.6-69 C1 0.43 Supplied by American Anaconda Brass Co. ; 0.5 in. diameter x 8 in. long If 171 Lipschultz, F. P. with central 5 in. machined to 0.25 in. in diameter; annealed at 1273 K < for 48 hrj electrical resistivity 1. 066, 1. 066, 1. 302, and 2.670 IJ.O cm ~ 
:"4 at 1.1, 4.2, 77. and 273 K, respectively. 

Z 112 48, Chu, r. K. and 1972 L 4.5-55 C2 The above specimen fatigued for 500 cycles with maximum load 6.4 kg mm-2; 
? 171 Lipschultz, F. P. electrical resistivity 1.071. 1. 067, 1. 301, and 2.664·pn cm at 1. 1. 4.2. 
!'" 77. and 273 K, respectively. 
-0 * Not shown in figm-e. 0 ..... 0 t'O en 
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a Designation Cu Al 
l-

113 48, Chu, T.K. and 1972 L 1.7-72 C3 0.43 The above specimen fatigued for 10~ cycles with maximum load 6.4 kg mm-2; 
171 Lipschultz, F. P. electrical resistivity 1.069, 1. 069, 1. 304, and 2.663 SJO cm at 1. 1, 4.2, 

77, and 273 K, respectively. 

~ 114 48, Chu, T. K. and 1972 L 4.6-69 C5 Similar to the above specimen C1 but given a 5% plastic deform under uni-
171 Lipschultz, F. P. axial stress; electrical resistivity 1. 066, 1. 066, 1. 294, and 2.660 !J.O 

cm at 1.1,4.2,77, and 273 K, respectively. 

., 115* 48, Chu, T. K. and 1972 L 4.6-66 C6 The above specimen fatigued for 105 cycles with maximum load 6.4 kg mm -2; 

;; 171 Lipschultz, F. P. electrical resistivity 1. 064, 1. 306, and 2.665 SJOcm at 4.2, 77, and 
... 273 K, respectively . 
!III 

116 48, Chu, T.K. and 1972 L 4.6-66 B1 6.97 Same supplier and dimensions as the above specimen C1; annealed at 1237 K 
171 Lipschultz, F. P. for 4B hr; electrical resistivity 7.868, 7. 867, 8.253, and 10.19 ,.to cm 

at 1.1, 4.2, 77, and 273 K. respectively. 

117 48, Chu, T.K. and 1972 L 4.9-68 B2 The above specimen fatigued for 500 cycles with maximum load 8. 3 kg mm -2; 
1.71 Lipschultz, F. P. electrical resistivity 7.850, 7.853, 8.250, and 10.16 1JO em at 1.1, 4.2, 

77, and 273 K, respectivel)". 

118 48, Chu, T. K. and 1972 L 4.7-68 B3 The above specimen fatigued for 10~ cycles; electrical resistivity 7.806, 7.806, 
171 Lipschultz, F. P. 8.204, and 10.10 SJO cm at 1.1, 4.2, 77, and 273 K, respectively. X 

119 48, Chu, T.K. and 1972 L 5.4-68 B4 The above specimen fatigued for 105 cycles; electrical resistivity 7.813, 7.813, O· 
171 Lipschultz, F. P. 8.217, and 10.14 J,J.O cm at 1.1,4.2,77, and 273 K, respectively. m 

Similar to the above specimen Bl but given a 50/0 plastic deform under uni- .... 
120 48, Chu, T. K. and 1972 L 4.7-68 B5 6.97 

171 Lipschultz, F. P. axial stress; electrical resistivity 7.889, 7.889, 8.288, and 10.16 !J.O » 
cm a: 1. 1, 4.2, 77, and 273 K, respectively. : 

121 48, Chu, T. K. and 1972 L 4.8-65 B6 The above specimen fatigued for 2 x 105 cycles with maximum load 8. 3 kg mm -2; 
171 Lipschultz, F. P. electrical resistivity 7.891, 8.273, and 10.21 ",0 cm at 4.2, 77, and 273 K, 

respectively. 

122 50 Friedman, A.J. 1974 L 5.3-73 5 4.07 The same irradiated specimen B for curve No. 82; electrical resistivity 7. 832, 
7.832, 8.204, and 10. 033 ~ cm at 1. 2, 4.2, 77, and 273 K, respectively. 

123 50 Friedman, A. J. 1974 L 5.3-70 5 The abmfe specimen re-annealed at 573 K for 24 hr; electrical resistivity 
7.949, 7.949, 8,314, and l[).150 Kat 1.2, 4.2, 77, and 273 K, respectively. 

124 50 Friedman, A.J. 1974 L 5.3-68 6 4.07 Form factor 37.497 cm-1; annealed in vacuum at 1273 K for 18 hr; electrical 
resistivity 7.513, 7.513, 7,867, and 9.630 IJO cm at 1. 2, 4.2, 77, and 
273 E, respectively. 

125 50 Friedman, A.,l, 1974 L 5.0-72 6 The abmre specimen. 

126 50 Friedman, A. ,J. 1974 L 5. 1)-67 6 The abmTe specimen given the same irradiation treatment as the specimen B 
for curve No. 82; form factor 37. 569 cm -1;' electrical resistivity 7. 461, 7. 461, 
7.812, and 9.56-1: !J.O cm at 1.2, 4.2, 77, and 273 K, respectively. 

127u 120 Leaver, A.D. W. and 1971 L 1. 9-4. 0 2 Al 0.83 Similar ~o the specimcn for curve No. 73; annealed; residual eIE~ctrical 
Charsley, P. resistivity 2. 080 ,n cm. 

128* 120 Leaver, A. D. W. and 1971 L 1.8-4.1 2 Al The abo'fe specimen tensile strained 8.2% under a stress of 16.93 kg mm-2; 
Chaxsley, P. residual electrical resistivity 2. 109 ,n cm. 

1294~ 120 Leaver, A.D. W. and 1971 L 2.0-4.0 12 Al 5.56 Polycrystalline; obtained from International Research and Development Co. , 
Ltd. ; residual e1ectrical resistivity 7. 61 ,£>, cm. 

4~ Not shown in figure. 
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TABLE 4. THERMAL CONDuCTIVITY OF COPPER + ALUMINUM ALLOYS -- SPECIMEN CIIA-1ACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Method Temp. Name and Composition 

No. No. Author(s) Year Used Range,K Specimen (weight percent) Composition (continued), Specifications, and Remarks 
DeSignation Cu Al 

130* 120 Leaver, A. D. W. and 197] L 1. 8-4.0 12 Al The above specimen tensile strained 1.8% under a stress of 16.38 kg mm-2; 
Charsley, P. tesidual electrical reSistivity 7. 62 ~ cm. 

131"~ 120 Leaver, A. D. W. and 197] L 2.0-4.2 12 Al 5.56 Sinr;Ie crystal; grown in a graphite mold by the Bridginan technique; 
CharsIey, P. annealed. 

132"~ 120 Leaver,. A.D. W. and 1971 L 2.2-4.1 12 Al The above specimen tensile strained 7.3% under a stress of 3.03 kg mm-2• 
Charsley, P. 

1334• 120 Leaver, A.D. W. and 197] L 1.9-4.0 12 Al The above specimen tensile strained 17. 0% under a stress of 4. 48 kg mm-2• 
Charsley, P. 

134* 120 Leaver, A.D. W. and 197] L 2.0-4.1 12 Al The above specimen tensile strained 22. 5% under a stress of 6. 73 kg mm-2• 
Charsley, P. 

135". 121 Kogure, Y. and Hiki, 197:3 L 1. 6-6. 6 97.8 2.2 Calculated composition ( 5 a/o AI) ; 2. 5 mm. dia x 70 mm long; prepared from,. 
Y. 99. 99+ Cu and Al by vacuum melting and casting; annealed in vacuum at 

850 C for 15 hrs. 

13G". 172 Kapoor, A., 1974 L 0.48-3.9 95.5 4.5 Cahulated COIl"_position (1[) a/o AI); cylindrical specimen 3.6 mm in dia-
Rowlands, J. A. , meter; prepared by me1.ting the pure materials in a quartz container in 
and Woods, S. B. vacuum, resulted ingot swaged to size; cold-worked; residual electrical 

resistivity 'i. 54 ,.,n cm. 

137* 172 Kapoor, A., et ale 1974 L 0.52-4.0 The above specimen annealed in vacuum at 600 K for 12 hr; residual 
electrical resistivity 6.79 #J,O cm. 

138". 172 Kapoor, A., et al. 1974 L 0.48-3.7 The above specimen reannealed in vacuum at 675 K for 12 hr; residual 
electrical resistivity 6. 88 fJO cm. 

139"· 172 Kapoor, A., et al. 1974 L 0.65-4.0 The above specimen reannealed in vacuum at 1000 K for 12 hr; residual 
electrical resistivity 6.69 #J,O cm. 

-I. Not shown in figure. 
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4.2. Aluminum-Magnesium A~loy System 

The aluminum-magnesium alloy system does not form a 
continuous series of solid solutions. The maximum solid 
solubility of magnesium in aluminum is 17.4% (18.9 At. %) at 
723 K and the solubility decreases at higher and lower tem
peratures, being only 1.9% (2.1 At. %) at 373 K. The max
imum solid solubility of aluminum in magnesium is 12.7% 
(11.6 At. %) at 710 K and likewise it decreases at higher and 
lower temperatures, being only about 1.5% (1.3 At. %) at 373 
K. Thus the region of solid solution of this alloy system is 
even more limited than that of the aluminum-copper al10y 
system. As noted in section 3, the values for the thermal con
ductivity of much of this system are derived from experimen
tal data on specimens in which the solid-solution phase was 
presumably frozen in. Hence, these values may not always be 
reproducible and are therefore provisional rather than rec
ommended. 

There are 50 sets of experimental thermal conductivity 
data available for this system. Of the 32 data sets for AI + Mg 
alloys listed in table 6 and shown in figure 18, seven sets are 
merely single data points. Of the data sets for Mg + Al alloys 
listed in table 7 and shown in figure 19, ten sets are single 
data points. 

For the AI + Mg alloys, measurements were limited to spec
imens containing no more than 15% Mg. Recommended 
curves are, therefore, given for 0.5 to 10% Mg alloys only. 
They follow the slopes of the data of Johnson [56J (AI + Mg 
curves 5 and 6) and of Powell et al. [57] (AI + Mg curves 18-, 
22) at low temperatures, and in this region the data of Mohan 
et al. [190] on a binary Al + Mg alloy (AI + Mg curve 28) are 
within 10% of the interpolated values from the recommended 
curves. At higher temperatures the recommended curves fol
low the trend of the high-temperature data of Mikryukov and 
Karlie;ezyl'ln [58] (AI + Me; c.lIfve~ 8-11). The alloys measured 
by Powell et al. are age hardened and since most of the im
purities are heavier than Mg, there are fewer impurities per 
atom than indicated and the error incurred is in the effective 
Mg content scale. In addition, most of the weIght of the 
analysis was given to the higher Mg content alloys. In a con
ductivity versus composition plot for 300 K, all the available 
(bt~ l'lre ll;hown to hp rongrlloUll; lmrl l"omplem~mtary except 
those of Johnson [56] (AI + Mg curves 5 and 6) for specimens 
of uncertain composition and those from Materials Design 
Engineering [123] (AI + Mg curves 16 and 17) for as-cast 
specimens. A conductivity-composition curve at 300 K for 0 to 
10% Mg is thus constructed based on those data which are in 
agreement with one another. The ke values at 300 K were 
calcnlatprl from PI'J (12), lmrl thp k" values at 300 K were 
derived as the differences between k and ke values. These kg 
values were extrapolated to higher ~emperatures up to the 
solidus temperatures according to the temperature depend
ence of eq (;;5) and to lower temperatures according to the 
pattern of kg curves derived from the available experimental 
k and the calculated ke around the region of maximum k" and 
l'IN~orrling to T'2 deppndpncp ::It ]owpr temperatures assuming 
kg to be negligible at 1 K. The total thermal conductivity 
values were than obtained by adding the extrapolated kg and 
the calculated ke • 

For the Mg+Al alloys, no measurements were made below 
85 K and none for alloys containing more than 14% AI. The 

J. Ph},s. Chiem. Ref. Date:, Vol. 7, No. S, 1978 

data of Smith [45] (Mg+Al curves 1 and 2) and of Kikuchi 
[59] (Mg+Al curves 8-13) were favored in constructing the 
conductivity-composition curve for 300 K. The data of 
Staebler and Mannchen [41,124] (Mg+AI curves 3-5) were re
jected because the values of the total Lorenz function cal
culated from their thermal conductivity and electrical resis
tivity results are obviously too large (3.25 to 3.65 lo-sV2K-2 at 
73 K), which leads to the conclusion that their thermal con
ductivity data are too high. Maybrey [60] did not measure 
electrical resistivity, but his thermal conductivity data are in 
the same neighborhood of magnitude as those of Staebler 
and Mannchen, and are hence taken out of consideration. 
The remaining measurements other than those of Smith and 
of Kikuchi were made on specimens of nonspecific composi
tion, and, therefore, would be given less weight in construct
ing the conductiv,ity-composition isotherm. It, then, left the 
data of Smith and of Kikuchi as the basis for the construc
tion. The ke values were calculated from eq (12) and those at 
300 K were plotted on the conductivity-composition graph. 
The kg values at 300 K were taken as the differences between 
k and ke values. These kg values were similarly extrapolated to 
lower and higher temperatures according to the appropriate 
temperature dependences. The total thermal conductivity 
values were obtained by adding these kg to the calculated ke. 
Since there is no information regarding where the maxima of 
the kg curves occur, no kg values are given below 100 K and 
hence no total k values are reported at low temperatures for 
the dilute alloys, even though the ke values are known. The k 
values of the 5 and 10% AI alloys are given only in the range 
between 250 and 350 K, since electrical resistivity values are 
available only in this range. 

A graphical comparison of the recommended total thermal 
conductivity values with selected experimental data is given 
in figures 14 and 15. The smooth solid curves in these figures 
were oht~inerlhy interpoll'ltine; the rpl"ommenrled values of 
table 5 in order to obtain thermal conductivity values for the 
desired alloy compositions. For aluminum-rich alloys shown 
in figure 14, the recommended values are in agreement with 
the data of Powell et al. [5'/] (Al+Mg curves 18-20) at low 
temperatures to within 10% and with the data of Meyer
Rassler [122] (AI+Mg curve 7) and of Mikryukov and 
Karagezyan [58] (AI+Me; l"lITVell; 8-11) at hie;her temper
atures to within 8%. For magnesium-rich alloys shown in 
figure 15, the recommended values are in agreement with the 
data of Kikuchi [59] (Mg+Al curves 8-13), of Smith [45] 
(Mg+Ai curves I and ~), and of Giuliani (1;;5J (Mg+Al curve 
14) to within 6%. 

The resulting recommended values for k, ke, and kg are 
tabulated in tah]p 5 for 10 alloy ('ompoll;ition~. Thp~e Vl'IllIe~ 
are for alloys which have not been severely cold worked or 
quenched. The k values are also presented in figures 16 and 
17. The values of residual electrical resistivity for eight of the 
10 alloys are also given in table 5. The uncertainties ot the k 
values are stated in a footnote to table 5, while the uncertain
ties of the ke and kg values are indicated by their being desig
n~ted l'Il; rerommpndpd, provi~ional, or typil"::11 v::I.1l1e~_ Thf' 
ranges of uncertainties of recommended, provisional, and 
typical values are less than ± 15%, between ±15 and ±30%, 
and greater than ±30%, respectively. The kg vaiues are very 
uncertain and are merely to serve as correctIOn terms for the 
derivation of the total thermal conductivities. 
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TABLE 5. RECOMMENDED THERMAL CONDUCTJVITY OF ALUMINUM-MAGNESllJM ALLOY SYSTEMt 

[Temperature, T, K; Thermal Con:luctivity, k, W cm-I K-I; Electronic Thermal Conductivity, W ~m-l 1(-1; Lattice Thermal Conductivity, kg' W cm-1 K-1] 

AI: 99. 50% (99.45 .At. %) AI: 99.00% (98.89 At. %) 
Mg: O. 50% ( O. 55 At. %) Mg: 1. 00% ( 1. 11 At. %) 

Po = 0.253 110 cm Po'" 0.511110, cm 

T k k k T k k e g e 

4 0.391 4 0.195 
S 0.591 6 0.295 
8 0.796 8 0.397 

10 1. 00 10 0.501 
15 1. 54 15 0.7S7 

20 2.01 20 1.03 
25 2.46 25 1.28 
30 2.89 30 1. 51 
40 3.50 40 1.89 
50 3.67 50 2.14 

60 3.52 SO 2.23 
70 3.13 70 2.18 
80 2.71 80 2.02 
90 2.34 90 1.86 

100 2.1S 2.05 0.107$ 100 1.78 1. 69 

150 1. 9S~' 1. 87 0.089$ 150 1.72':' 1. 65 
200 1. 97';' 1.90 0.074$ 200 1. 79~' 1.73 
250 2.01~' 1.95 0.064$ 250 1. 86'~ 1. 80 
273 2.05'f 1. 99 0.060$ 273 1.90':' 1. 85 
300 2.08 2.02 0.056$ 300 1. 94 1. 89 

350 2.11 2.06 0.050$ 350 1. 99 1.95 
400 2.17 2.12 0.045$ 400 2.0S 2.02 
500 2.18 2.14 0.037$ 500 2.08 2.05 
600 2.16 2.13 0.032$ 600 2.08 2.05 
700 2.12 2.09 0.028$ 700 2.06 2.03 

800 2. 07~' 2.04 0.025$ 800 2.01':' 1. 99 
900 2.00':' 1. 98 0.022$ 900 1. 96"~ 1. 94 
922 1. 99'f 1. 97 0.02H 913 1. 95'f 1. 93 

t Uncertainties in the total thermal conductivity, k, are as follows: 
99.50 Al - 0.50 Mg: :I: 10% up to 200 K and ± 60/0 above 200 K. 
99.00 Al - 1.00 Mg: :I: 10% up to 200 K and ± 6% above 200 K. 
97.00 Al - 3.00 Mg: :l: 15% up to 500 K and ± 8% above 500 K. 
95.00 Al - 5.00 Mg: :I: 15% up to 600 K and ± 8% abovc 600 K. 

:I: Provisional value. 

$ Typical value. 

k g 

0.086* 

0.074$ 
0.063* 
0.055$ 
0.052$ 
0.049$ 

0.043$ 
0.040$ 
0.033$ 
0.029$ 
0.025* 

0.023$ 
0.021$ 
0.021$ 

':' In temperature range where no experimental thermal conductivity data. are available. 

A]: 97.00% (96.68 At. %) AI: 95.00% (94.48 At. %) 
Mg: 3. 00% ( 3.32 At. %) Mg: 5.00% ( 5.52 At. %) 

Po = 1. 53ILo, cm Po ""' 2. 54 110 cm 

T k k k T k k e k e g g 

4 0.06S:I= 4 0.037:1= 
6 0.100:1: 6 0.056:1= 
8 0.135:1: 8 0.077:1= 

10 0.170* 10 0.098:1: 
15 0.264:1: 15 0.154:1: 

20 0.358:1: 20 0.211* 
25 0.451:1= 25 0.268:1= 
30 0.539* 30 0.320:1: 
40 0.699:1= 40 0.417:1= 
50 0.834:1= 50 0.497:1= 

60 0.937:1= SO 0.560:1= 
70 1.002:1: 70 0.616:1= 
80 1.032:1= 80 O. S60:l= 
90 1.039* 90 0.691* 

100 1.06:1= 0.990 O. ~65$ 100 0.723:1: 0.S69 0.054$ 

150 1.19'~:I: 1.13 O. ~55$ 150 0.90S:I= 0.859 0.047$ 
200 1.32*:1: 1.27 O. V48* 200 1. 04:1: 1.00 0.041* 
250 1.42"~:I: 1.38 0.M3* 250 1.16:1= 1.12 0.036$ 
273 1.48>'.<:1= 1.44 O.MO$ 273 1. 21:1: 1.18 0.034$ 
300 1.53:1= 1.49 O. V38$ 300 1. 27* 1.24 0.033$ 

350 1.61:1= 1.58 O. V34* 350 1. 35:1' 1. 32 0.030$ 
400 1.67:1: 1.64 o. V31$ 400 1.41* 1.38 0.027$ 
500 1.72:1= 1.69 O. V27$ 500 1.46:1: 1.44 0.024$ 
600 1.74 1.72 O. V24$ 600 1. 50:1: 1.48 0.021* 
700 1. 76 1.74 o. V21$ 700 1.53 1. 51 0.019$ 

800 1.76* 1.74 O. V20$ 800 1. 56'~ 1.54 0.017$ 
881 1. 76;~ 1.74 0.H8$ 849 1. 55"~ 1. 53 0.016$ 
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TABLE 5. RECOMMENDED THERMAL CONDUCTIVITY OF ALuMnruM-MAGNESIUM ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, \1;, W cm-1 K-l; Electronic Thermal Conductivity, lee' W cm-t K-l; Lattice Thermal Conductivity, kg' W cm-1 K-I] 

- ----.-------~-- -

AI: 90. OOro (89. 02 At. %) AI: 10.00% ( 9.10 At. %) AI: 5. 00% ( 4. 53 At. %) AI: 3.00% ( 2.71 At. %) 
Mg: 10. OOro (10. 98 At. %) Mg: 90.00% (90.90 At. %) Mg: 95.00% (~5. 47 At. %) Mg: 97.00% (97.29 At.%) 

Po = 4. 98 110 cm Po = 4. 78 110 cm 

-
T k ke k T k k k T k k k T k k k 

g e g e g f) g 

4 0.020:1= 4 0.0204:1= 
6 0.031:1= 6 0.0307 :1= 
8 0.04H 8 0.0409:1= 

10 0.052:1: 10 0.0508 :I: 
15 0.08H 15 0.0752:1= 

20 0.113:\: 20 0.0998:1= 
25 0.143:1: 25 0.124:1: 
30 0.173:1: 30 0.148:1: 
40 0.23M 40 0.192:1= 
50 0.281:1= 50 0.232:1= 

60 0.326:1= 60 0.266:1= 
70 0.364:1= 70 0.295:1: 
80 0.395:1: 80 0.318:1= 
90 0.423:1= 90 0.339:1= 

100 0.447:1: 0.404* 0.043$ 100 0.0564$ 100 0.0723$ 100 0.453,:,:1: 0.362:1: 0.0911$ 

150 0.576:1: 0.538:1: 0.038:t: 150 0.0477$ 150 0.0613$ 150 0.553':':t. 0.476:1: 0.0771$ 
200 O. 690:~ 0.657* 0.033$ 200 0.0409$ 200 0.0527$ 200 O. 634'~:I: 0.568:1: 0.0658$ 
250 0.795:1: 0.765:i: O. 030:~ 250 0.444:1= 0.408:1: 0.0358$ 250 0.576:1: 0.530:1= 0.0460$ 250 0.699,:,:1= 0.642:1: 0.0572$ 
273 0.84M 0.812* 0.028$ 273 0.461:1: 0.427:1: 0.0338$ 273 0.598:1= 0.554:1= O. M35$ 273 0.728':':1: 0.674:1= 0.0540$ 
300 0.891:t. 0.864:1= 0.027$ 300 0.477:1= 0.445:1= 0.0317* 300 0.619:1: 0.578:1: O. MOn 300 0.756:1: 0.705:1= 0.0505$ 

350 0.976:t. 0.952* 0.024* 350 0.504:\: 0.475:1: 0.0285$ 350 0.653:1= 0.616* 0.0367$ 350 0.799':':1: 0.754:1: 0.·0452$ 
400 1. 03:\: 1.01:1: 0.023$ 400 0.0259$ 400 0.0334$ 400 0.835,:':1= 0.794:1= 0.0408$ 
500 1.12:1: 1.10:1: 0.020* 500 0.0220$ 500 0.0283$ 500 O. 888'~* 0.854:1: 0.0343$ 
600 1.17* 1.15:1: 0.017$ 600 0.0191$ 600 O. C247$ 600 0.924':' 0.894 0.0295$ 
700 1. 20 1.18 0.016$ 700 0.0170$ 700 O. C218$ 700 0.946':' 0.920 0.0260$ 

788 1. 22 1.21 0.014$ 756 0.0159$ 800 O. C196$ 800 O. 964'~ 0.941 0.0232$ 
839 0.H89$ 872 0.975':' 0.953 0.0216$ 

-~---------~---------~--.----.--.- -- --_ .. _-- ---

t Uncertainties in the total thermal conductivity, k, are as follows: 
90.00 Al - 10.00 Mg: ± 15% up to 600 K and ± 8% above 600 K. 
10.00 Al - 90.00 Mg: ± 15% between 250 and 350 K. 

5. 00 Al - 95. 00 Mg: ± 15% between 250 and 350 K. 
3.00 Al - 97. 00 Mg: ± 15% up t() 500 K and ± 8% above 500 K. 

:\: Provisional value. 

~: Typical value. 

,~ In temperature range where no experimental thermal conductivity data are available. 
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TABLE 5. RECOMMENDED THERMAL CON=>UCTIVITY OF ALUMlNUM-MAGNESWM ALLOY SYSTEM (continued) t 
[Temperature, T. K; Thermal Corduetivity. k. W em- t K-I; Electronic Thermal Conductivity, 

AI: 1. 00% ( O. 90 At. %) AI: 0.50% ( 0.45 At. %) 1 
Mg: 99. 00% (99.10 At. %) Mg: 99.500/0 (99.55 At. %) 

Po = 1.960 110 cm Po = 0.980 /10 cm 

T k k It T k k Ie e g e g 

~ 0.0500 4 0.0996 
6 0.0750 6 0.150 
S 0.100 8 0.200 

HI 0.125 10 0.249 
15 0.186 15 0.369 

20 0.245 20 0.481 
25 0.301 25 0.586 
30 0.355 30 0.683 
40 0.451 40 0.838 
50 0.525 50 0.920 

60 0.573 60 0.950 
70 0.602 70 0.962 
80 0.619 80 0.971 
90 0.634 90 0.978 

I 100 0.793 0.660 0.133$ 100 1. 07* 0.982 0.152$ 

150 0.904 0.792 0.112* 150 1.18':' 1.05 0.127$ 
200 0.989 0.896 0.0932$ 200 1. 23>:' 1.13 0.104$ 
250 1.05 0.972 0.0797$ 250 1.270:' 1.18 0.0874$ 
273 1.08 1.01 0.0746$ 273 1. 29':' 1.21 0.0816$ 
300 1.10 1. 03 0.0692$ 300 1. 30':' 1.23 0.0756$ 

350 1.14 1. 08 0.0613$ 350 1. 32':' 1.25 0.0661$ 
400 1.17 1.12 0.0546$ 400 1. 33 1.27 0.0589$ 
500 1.19 1.15 0.0449$ 500 1. 34 1.29 0.0481$ 
600 1.21 1. 17 0.0382$ 600 1. 34 1.30 0.0406$ 
700 1.22 1.19 0.0331$ 700 1.33 1.30 0.0350$ 

800 1.22 1.19 0.0292$ 800 1. 33':' 1.30 0.0308$ 
900 1.22 1.19 0.0262:1: 900 1. 32':' 1.30 0.0274$ 
906 1. 22 1.19 0.0260$ 914 1.32* 1.30 0.0270$ 

t Uncertainties in the total thermal conductivity, k, are as follows: 
1. 00 Al - 99. 00 Mg: ± 12% below 200 K, ±6% between 200 and 50[) K, and ± 80/0 above 500 K. 
0.50 Al - 99.50 Mg: ±120/0 below 200 K, ±60/0 between 200 and 50[) K, and ±80/0 above 500 K. 

:I: Typical value. 

,~ In temperature range where no experImental tl:ermal conductivity data are availa.ble • 

W ern -1 K-l; ::'attice Thermal Conductivity, kg' W cm -I K-1 J 
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("\ TABLE 6. THERMAL CONDUCTIVITY OF ALUMINUM + MAGNESIUM ALLOYS -- SPECIMEJ' CHARACTERIZATION AND MEASUREMENT tNFORMAT:ON ::r 
t'iI 

~ 
~ 

Name and Composition ~ Cur. Ref. MEthod Temp. 
0 No. No. 

Author(s) Year Used Range,I< 
Specimen (weight percent) Composition (continued), Specifications, and Remarl{s 

0 Designation Al Mg 
~ 
< 41 Mannchen, W. I931 L 87-476 92.0 8,0 Cast; electrical conductivity reported as 20.02, 13.21, 10.5, and 8.8 x 
~ 10~ 0-1 cm- 1 at 87, 273, 373, and 476 K, resl'ectively . 
..... 

41 Mannchen, W. Almealed; electrical conductivity reported as 24. S, 15.05, 12.25, and Z 1931 L 87-476 92.0 B. C 

? 10.25 X 104 0,-1 cm- 1 at 87, 273,373, and 476 K, respectively. 
!h 3 41 Mannchen, W. I931 L 87-476 88.0 12.0 Cast; electrical conductivity reported as 19.6, 11.95, 9.4, and 7.85 x 10-1 
; a-1 cm- 1 at 87, 273, 373, and 476 K, respecti'Tely • ..... 
00 IJ: 41 Mannchen, W. 1931 L 87-476 86.0 14.(1 Annealed; electrical conductivity reported as 12. ';, 8.96, 8.05, a.nd 7.6 x 

104 0.- 1 cm-1 at 87, 273, 373, and 476 K, res~ectively. 

5 56 Johnson, B.W. 1960 4.3-128 5052 97.7- 2.2- 0.10 Mn; annealed. 
97.1 2. ~ 

56 .Tohnson, E. W. 1960 4.8-144 5154 96.8- 3. ]- O.LO Mn; annealed. 
96.0 3. ~ 

122 Meyer-Rassler, E. t940 348.2 Magnalium 93.0 7. C 15 mm in diamflter and 72 mm long; density 2.63 g em- 3, 

58 Mikryukov, V.E. and 1961 E 327-746 99.3 0.1 3 mm diameter and 300 mm long; prepared from 99.9 pure AI. :c 
Karagezyan, A. G. 0 

58 Mikryukov, V. E. and L961 E 285-716 97.0 3.fj Similar to the above specimen. rn 
Karagezyan, A.G. .... 

10 58 Mikryukov, V.E. and 1961 E 330-766 95.0 5.0 Similar to the above specimen. » 
Karagezyan, A. G. r 

11 58 Mikryukov, V. E. and 19()1 E 289-717 92.0 8. () Similar to the above specimen. 
KaragezY31l, A. G. 

12 123 Materials in Design t959 298.2 5005 Bat 0.8 Nominal composition; annealed at 617 K; density 2.68 g cm- 3; electrical 
Engineering resistivity 3.4 fJ,O em at 20 C. 

13 123 Materials in Design 1959 298.2 5050 Bal. l.()~ Nominal. composition; annealed at 617 K; density 2.68 g em- s, 
Engineering l.~ 

14 123 Materials in Design 1959 29B.2 5056 Bal. 4. r-. 0.05 ...... 0.20 Cr and O. 05~ 0.20 Mn (nominal composition}; annealed at 617 1(; 
Engineering 5.1: density 2.63 g Cnl 3; electrical resistivity 5.90{ IJ.O cm at 20 C. 

15 1.23 Materials in Design 1959 293.2 G4A 96.0 4. ( Nominal composition; as cast; denSity 2.63 g cm-a• 
Engineering 

16 123 Materials in Design 1959 293.2 GIOA 96.0 4,(; Nominal composition; as east; denSity 2.57 g cm-3• 
Engineering 

17 123 Materials in Design 1959 293.2 G8A 92.0 8. ( Nominal composition; as cast; density 2.57 g em-s, 
Engineering 

18 57 Powell, R. L., Hall, 1960 L 4-120 6063-T5 Bal. O.(lS 0.38 Si, 0.1 each Fe, Ga, Mn, 0.01 each Cr, Cu, Ti, V, Zn, 0.001 Ca, 
W.J. and Hodel', H.M. and 0.001 Pb; 3.66 mm diameter rod specimeD; grain siZE 0.052 mm x 

0.048 mm (longitudinal) and 0.052 mm (transv:lrse); precipitation heat-
treated; electrical resistivity 0.28,0.28, i).3:}, 0.43, O.E, 2.3, and 
3.5 lJ,fl em at 4, 10, 40, 60, 100, 200, and 300 K, respectively; 
smoothed values reported. 
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TABLE 6. THERMAl, CONDUCTIVITY OF ALUMINUM + MAGNESWM ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. 
No. No. 

19 57 

Authol'(S) 

Powell, 
W.J. 

Year 

1960 

20 57 Powell, R.I .• , el; nl. 1960 

21 57 Powell, R. L. I at a1. 1960 

22 57 Powell, R. I~. j et al. 1960 

23'~ 190 Mollan. N. S •• Klafiky, 
~ton, 

24 190 Mohan, N.S •• e1; al. 

Z!f~ 190 Mohan, ]\1.S., et al. 

Not shown in figure. 

Method Temp. 
Used Range,K 

L 4-120 

L 4-120 

L 6-120 

L 4-120 

5-60 

5-60 

5-60 

Name and 
Specimen 

Designation 

5052-0 

5154-0 

5083-0 

5086-F 

2a 

2b 

3 

Composition 
(we:ight percent) 

Al Mg 

Bal. 2.46 

Bal. 3.32 

Bal. 4.44 

Bal. 4.10 

Composition (continuecl), Specifications. and Remarl{s 

0.22 Cr, 0.1 each Fe, Sit Ga, Mn. Zn, O,Ol Ti, 0.01 V, 0,001 Ca, 
ane 0.001 Z1'; size 0,056 x. 0.032 mm (longitudinal) and 
0.(40 mm (transverse). in vacuum for 1 hr at 350 C; elect:rieal 
resistivity 2.0, 2.1, 2.2, 2.7. 4:.4, and5.0J,tO cmat4, 20,60,100, 
20(', and 300 K, respectively; smoothed values reported, 

0.21 Crt 0.1 each Cu, Fe, S1, Mn, 0.01 each Ti, V. Zn, 0.001 Ca, and 
O. (101 Ph; grain size 0.036 mm " 0.028 mm (longitudinal) and 0.032 mm 
(tr:tnsverse); in vacuum for 1 hr at 350 C; electrical resistivity 
2.~, 2.3, 2.4, 2.5IJ.Ocmat4, 10, 30, and60K, respectively; 
smoothed values reported. 

0.7 Mn, 0.1 each Cr, Fe, Si, 0,04 CUi supplied by R.D. QUemftn, Kaiser 
Aluminum and Chemical Ce>.; average crystal grain size 0.74 mm x 
0.21 mm (longitudinal) and 0,54 mm x Q.14 mm (transverse); annealed 
in vacuum for 1 hI' at 350 C. 

0.51 ~n, 0.28 0.1 each Cr, Si, Zn, 0.07 Cu, and 0.02 Tij average 
crrsta! grain 0.061 mm x 0.022 rom (longitudinal) and 0.086 mm x 
0.020 mm (transverse), as fabricated; electrical reSistivity 3.0, 3.0, 
3.1. 3.6, 5.0, and 5,7 IJ.rl em at 4, 40, 60, 100, 200, and 300 K, 
respectively; smoothed values reported. 

Starting composition 95.47 Al and 4.53 Mg; composition as deternlined from 
re$idual resistivity was !lB. 38 Al and 3.62 Mg; specimen made in the 
laboratory of the Institute of Materials Science at Storrs. Connecticut; 
an1l.ealed at 473 K for 96 h, at 623 K for 12 h. and fwrther annealed at 
73S K for 8.5 h; specimen swaged from 1/4 in to 1/8 in at room temper
atore; also quenched in wster at room temperature after annealing; so
lute loss on heat treatment about 0.2</&; residual resistivity po = 1. 842 x 
10" 8 Om, measured at 4.2 K; no resi8t1 vity minimum found between 1.5 
and 4.2 K: composition of alloy was calculated from residual resistivity 
using Fickett's recommended value of 4. 6 x liT \I om per atomic percent 
ofMg; original data reported tabularly; obtained after smoothing the 
m(lasured values using a standard least squares fit of the type A 
Xjr-~ +- X2T-t + X3T + X4T2 + XST3 + XeT4; experimental accuracy about 
3" for T ~ 30 K, and abou~ 5~ for T ~ 30, l{. 

SimH!!r to the above specimen except for the following: starting composition 
95.47 Al and 4.53 Mg; composition as determined from residual resisti
vity was 96.41 Al and 3.59 Mg; specimen further annealed at 773 K for 
20 h and slow-cooled in furnace to 293 K at rate of 50 deg/h; solute 
105S on heat treatment abtiut O. 75~; resistivity Po 1. 828 x 
W·IlOm. 

Similar to the above specimen except for the following: starting composition 
95047 Al and 4. 53 Mg; compositiol1 as determined from residual resisti
vi~ was 95.97 Al and 4. <)3 Mg; no heat treatment and solute loss 1'e-
pcrted; residual resistivity po 2. 045 x 1(r 8 Om. 
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TABLE 6. THERMAL CONDUCTIVITY OF ALUMINUM + MAGNESIUM ALLOYS -- SPECIMEN CHARACTERIZATION AN:::> MEASUREMENT INFORMATION (continued) 

Cur. Ref. 
No. No. 

26~~ 1.90 

27 190 

28 190 

291~ 190 

301(. 190 

31 190 

32 190 

Author(s) Year 

Mohan, N.S., Klafflw. 
.R. W., Harrington, 
L.C., and Damon, D.H. 

Mohan, N. S., et ale 

Mohan, N.S., et al. 

Mohan, N. S., et al. 

Mohan, N. S., et al. 

Mohan, N. S., et al. 

Mohan,N. S., at al. 

1~ Not shown in figure. 

Method 
Used 

Temp. 
Range,K 

5-60 

5-60 

5-60 

5-60 

5-60 

5-60 

5 ... 60 

Name and 
Specimen 

Designation 

3a 

3b 

4 

5 

6 

6a 

7 

Composition 
(weight percent) 

Al Mg 
Com:r:osition (continued), Specifications, and Remarks 

S:.milar to th3 above specimen except for the following: starting composi
tion 95. 4~ Al and 4. 53 Mg; composition as determined from residual 
resistivity was 96.33 Al and 3.67 Mg; specimen annealed at 843 K for 
16 hand llept at 673 K for 24 h; solute loss on heat treatment about 0.2%; 
residual resistivity po = 1. 869 x 1<,8 Om. 

Similar to th9 above specimen except for the following: starting composition 
95.47 Al and 4.53 Mg; composition as determined from residual resis
tivity was 96.34 Al and 3.66 Mg; specimen annealed at 843 K for 16 h, 
kept at 673 K for 24 h, further annealed at 876 K for 17 h and slow
cooled in furnace to 543 K at a rate of 1 deg/min; solute loss on heat 
treatment about 0.024;; residual resistivity Po = 1.862 x 1(} 8 Om. 

Similar to th9 above specimen except for the following: starting composi."" 
tion 93.6E Al and 6.35 Mg; composition as determined from residual 
resistivity was 94.65 Al and 5.54 Mg; specimen annealed at 876 K for 
16 hand ::low cooled in furnace to 708 K at a rate of 1 deg/min; solute 
loss on heat treatment about 0.2%; residual resistivity po = 2.812 x 
lO-Som. 

Similar to tm above specimen except for the following: starting composi
tion 93. 6~ Al and 6.35 Mg; composition as determined from residual 
resistivity was 94. 5~ Al and 5.41 Mg; specimen swaged from 3/8 in 
to 1/8 in; no heat treatment and solute loss reported; residual resisti
vity po = 2. 744 x 1(, f Om. 

Similar to tm above speCimen except for the following: starting composi
tion 93.65 Al and 6.::5 Mg; composition as determined from residual 
resistivity was 95.14 Al and 4.96 Mg; specimen swaged from 3/16 in 
to 1/8 in; no heat treatment and solute loss reported; residual resisti
vity Po = 2.521 x 10-! Om. 

Similar to the above specimen except for the following: starting composi
tion 93.65 Al and 6.:35 Mg; composition as determined from residual 
resistivity was 95.23 Al and 4. 77 Mg; specimen swaged from 3/16 in 
to 1/8 in; annealed at 673 K for 25 h and air quenched; no solute loss 
on heat treatment reported; residual resistivity 2.424 x l(}s Om. 

Similar to the above specimen except for the following: starting composi
tion 93.65 Al and 6.35 Mg; composition as determined from residual 
resistivili! was 95.35 Al and 4.65 Mg; specimen swaged from 3/8 in 
to 1/8 in; annealed at 473 K for 96 h, further at 623 K for 72 h; further 
at 738 K for 85 h, further at 848 K for 10 h and kept at 273 K for 15 h; 
solute less on heat treatment about 1.9%; residual resistivity 2.359 x 
W-sOm. . 
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TABLE 7. THERMAL CONDUCTIVITY OF MAGNESIUM + ALUMINUM ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K Designation Mg Al 

1 45 Smith, A. W. 1925 L 336.2 95.82 4.12 0.028 Fe and 0.019 Si;",5 em long and 0.3 cm2 in cross-section; supplied 
by Aluminmi Co. of America; electrical conductivity 9. 06 'X 1040-1 cm-1 

at 63 C. 

2 45 Smith, A. W. 1925 L 336.2 89.82 10.12 0.023 Si and 0.028 Fe; similar to the above specimen except electrical 
conductivity 6. 00 x 104 0-1 cm-1 at 63 C. 

3 124, Staebler, J. ; 1929 L 87-476 94.0 6.0 1. 23 cm2 in cross-section and 3 em long; cast; electrical conductivity -f 
41 Mannchen, W. 1931 H.7, 8.04, 6.47, and 5.99 x 104 0-1 cm-1 at 87, 273, 373, and 476 K, :I: 

r~spectively. '" :lD 

4 124, Staebler, J. ; 1929 L 87-476 92.0 8.0 1. 23 cm2 in cross-section and 3 cm long; electrical conductivity 13.32, 7.31, 3: 
41 Mannchen, W. 1931 5.95, and 5.55 x 104 0-1 cm-1 at 87, 273, 373, and 476 K, respectively. ~ 

r-

5 124, Staebler, J. ; 1929 L 87-476 88 12 1. 23 cm2 in cross-scction and 3 cm long; electrical conductivity 9.65, 5.99, n 
41 Mannchen, W. 1931 5.27, and 4.90 x 104 0-1 cm-1 at 87, 273, 373, and 476 K, respectively. 0 

6 60 Maybrey, H.J. 1928 L 373-623 94 6 12 in. long and 1 in. in diameter; annealed at 300 C for 3 hr. 
Z 
0 

7 60 Maybrey, H.J. 1928 L 373-623 89 11 Similar to the above spccimen. c:: n 
8 59 Kikuchi, R. 1932 E 300.2 97.9 2.1 3 mm diameter and 200 mm long; electrical conductivity 11.9 x 1040-1 cm-1 -f 

<: at 27 C. =i 
9 59 Kikuchi, R. 1932 E 295.5 95.8 4.2 3 mm diameter and 200 mm long; electrical conductivity 8.9 x 1040-1 cm-1 < 

at 22.3 C. 0 
10 59 Kikuchi, R. 1932 E 295.1 93.8 6.2 3 mm diameter and 200 mm long; electrical conductivity 6. 9 x 1040-1 cm-1 TI 

at 21. 9 C. 01' 

11 59 Kikuchi, R. 1932 E 291. 5 91. 8 8.2 3 mm diameter and 200 mm long; electrical conductivity 5. 9 x 1040-1 cm-1 Z 
~ 

at 18.3 C. :lD 

3 mm diameter and 200 mm long; electrical conductivity 5.5 x 1040-1 cm-1 < 
12 59 Kikuchi, R. 1932 E 281. 5 89.7 10.3 

at 19.3 C. ~ 
r-

13 59 Kikuchi, R. 1932 E 296.5 87.8 12.2 3 mm diameter and 200 mm long; electrical conductivity 5.1 x 1040-1 cm-1 r-
0 

a~ 23.1 C. < 
14 125 Giuliani, S. 1967 C 375-736 Magnox; Al8l 0.80 O. 0(]50 Be, 0.0020 Mn, and 0.0004 CUi 1. 2 to 1. 3 cm in diametcr and 1. 8 lit 

~ to 2.5 cm long; Armco iron used as comparative material. < 
"U lit 

-f :r 
15 125 Giuliani, S. 1967 C 387-674 Magnox; 8-9 0.5-1 Zn and 0.2 Mn; 1. 2 to 1. 3 cm in diameter and 1. 8 to 2.5 cm long; '" '< 

!" Atesia T Armco iron used as comparative material. 3: 
n lit 
:r 

16 123 Materials in Design 1959 293.2 AZ6aA-F 5.8- 0.4-1. 5 Zn and> 0.15 Mn (nominal composition); density 1. 80 g cm-a; CD 

~ Engineering 7.2 electrical resistivity 12. 5 /-to cm at 20 C. 
;:IU 

17 123 1959 AZ80A-T 7.8- 0.2-0.8 Zn and> 0.12 Mn tnominal composition); density 1. 83 g cm-3; ~ Materials in Desigr, 293.2 

a Engineering 9.2 electrical resistivity 14. 5 /-to cm at 20 C. 
a 

18* 173 powell, R. W. , 1964 C 323-773 Magnox B 0.002-0.003 Be; 2.5 Cm diameter x 20+ cm long; electrical resistivity a 1.0 

< Hickman. M. J. , 6.05,6.5,7.3,8.9, l(].6, 12.3, and 14.15,.,,0 em at 20,50,100, 
~ and Tye, R. P. 200, 300, 401), and 500 C, respectively. 
~ 
Z 
~ 
Co) 

* Not shown in figure. 
-0 Q ..., 

10.) 
011 
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4.3. Copper-Gold Alloy System 

The copper-gold alloy system forms a continuous series of 
solid solutions over the entire range of compositions. Ordered 
structures are formed at temperatures below about 663 K for 
compositions ranging from about 40 t063% Au (17.7 to 35.5 
At. % Au) and at temperatures below about 683 K for compo
sitions ranging from about 63 to 94% Au (35.5 to 83.5 At. % 
Au). These ordered structures are due to the formation of the 
intermetallic compounds CU3Au (50.85 % Au), CuAu (75.63 % 
Au), and CuAu3 (90.30% Au). In this work only the thermal 
conductivity data of disordered alloys are treated. 

There are 75 sets of experimental data available for the 
thermal conductivity of this alloy system. Of the 17 data sets 
for Cu+ Au alloys listed in table 9 .and shown in figure 24, 
nine sets are merely single data points around room tempera
ture. Of the 58 curves for Au+Cu alloys listed in table 10 and 
shown in figure 25, 35 sets are single data points. 

For the Cu+Au alloys, the data can be separated into three 
groups: the low temperature dala of Grlineisen and 
Reddemann [61] (Cu+Au curves 1 and 2) and of Kemp et al. 
[62] (Cu+Au curves 8 and 9), the data of Sedstrom [63j 
(Cu+Au curves 10-15) at the ice point, and the five points 
around 440 K measured by Zolotukhin [65] (Cu+ Au curves 
3-7) for a partially ordered 5% Au. No data are available 
above 470 K. Hence the experimental data are very limited. 
To derive recommended values, the electronic component ke 
was calculated from eq (12) and the lattice component kg was 
calculated from eq (35). The total k was obtained by adding kg 
to ke • The recommended curves were extended to the solidus 
points at high temperatures. The curves for alloys containing 
10% Au or less were not extended to temperatures below 40 
K because of the large uncertainties of the calculated kg val
ues at low· temperatures. For denser alloys, however, the 
curves were extended to 4 K using kg values derived from the 
data of Kemp et a1. [62J. The kg values for dilute alJoys are ex
tremely uncertain at low temperatures and are not reported 
hf'low nO K 

A graphical comparison of the recommended total thermal 
conductivities with some of the experimental data for Cu+ Au 
alloys is given in figure 20. The smooth solid curves in the 
fIgure were obtained by interpolating the recommended val
ues of table 8 in order to obtain thermal conductivities for the 
desired alloy compositions. The recommended values are in 
agreement with thp. rb.ta of Kf'mp pt aL (62] (C:U+All r.llrvf'~ R 

d.nd 9), of Leaver hnd Charsley [120] (Cu+Au curve 16),and 
of GrUneisen and Reddemann [61] (Cu+Au curve 2) to within 
8%. Measurements of Sedstrom [63] (Cu+Au curv~s 12-15) 
at the ice point tor a wide range ot compositions dIfter trom 
the recommendations by no more than 10%. 

The data for Sedstrom's 44.76% Au specimen (Cu+Au 
curve 10) show poor agreement, e~pecially ::It ~7~ K, with the 

recommendations and are not shown in figure 20. However, 
the temperature dependence of both the thermal and elec
trical conductivities of this specimen is at odds with all other 
experimental data and may be safely discounted as errone
ous. Similarly, the measurements of GrUneisen and 

J. Ph),!. Chem. Ref. Data, Vol. 1, Nc. 3, i~1e 

Reddemann [61] (Cu+Au curve 1) for a 24.8% Au specimen 
are 10-20% higher than the recommendation and are not 
shown in the figure. Since the recommended values are for 
disordered alloys only, there can be no valid comparison with 
the data of Zolotukhin [65] (Cu+ Au curves 3-7) for a partially 
ordered aHoy. 

For the Au+Cu alloys, the experimental data were mostly 
obtained below the order-disorder transition temperature on 
specimens in the ordering range, except for two measure
ments made by Grlineisen and Reddemann [61] (Au+Cu 
curves 40 and 41) on specimens containing 1.57 and 3.10% 
Cu at low temperatures and one made by Goff et a1. [66] 
(Au+Cu curve 56) on a disordered CU3Au specimen. The rec
ommended values for disordered alloys were derived from kg 
calculated from eq (35) and ke calculated from eq (12) using 
electrical resistivity data for disordered alloys. The recom
mended curves were extended to the solidus points at the 
high temperature end, but not below 40 K at the low temper
ature end owing to the large uncertainties of the ealculated kg 
values at very low temperatures, except for the curves for 
alloys with 4S and 50% Cu, which were extended to 4 K using 
the kg values derived from the data of Kemp et a1. [62]. The kg 
values for alloys containing 40% eu or less are very uncer
tain at low temperatures and are not reported below 60 K. 

The recommended total thermal conductivities for the 
Au+Cu alloys are compared with some of the experimental 
data in figure 21. Not a11 of the experimental data shown are 
for fully disordered specimens. Due to poor experimental 
data and a lack of data for disordered specimens, a detailed 
quantitative comparison of the calculated values is not prac
tical. However, the recommended values are within 5 % of the 
low temperature data of GrUneisen and Reddemann {61] 
(Au+Cu curves 38-41, 45, 46, and 48) for disordered 
specimens or specimens quenched from above the ordering 
transition temperature. ~ome of the data of ~edstrom l64] 
(Au+Cu curves 21, 23, 27, and 29) are within 5% of the 
recommendations. The agreement with the low-temperature 
rfl~lIlt~ of hoff fit ::I L [66](Au+Cu C'UTves 56 and S8) is poor, 

but from 60-300 K their measurements fal1 within 10% of the 
recommendations. 

The resulting recommended values for k, ke, and kg are 
tabulated in tabJe H tor 25 aUoy compositions. These vaJues 
are for disordered alloys which have not been severely cold 
worked or quenched. The- values for k are also presented in 
figllrplO. 2~ l'Inrl 2.Q In ordpr to dearly show the trend of the 

dependence of the thermal conductivity on solute concentra
tion and to clarify the confusion in figure 23 due to crossover 
of curves, recommendations for aUoys with 55-75% Au are 
also displayed in figure 22 along with recommendations for 
the Cu+Au alloys. The values of residual electrical resistivity 
for the alloys are also given in tabJe 8. The uncertainties of 
the k values are stated in a footnote to table 8, while the un

certainties of the ke and kg values are indicated by their being 
designated as recommended or provisional values. The 
ranges of uncertainties of recommended and provisional 
values are less than ±15% and between ±15 and ±30%, 
respectively. 
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TABLE 8. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-GOLD ALLOY SYSTEM t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal Conductivity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-l] 

-----

Cu: 99.50% (99.84 At.%) Cu: 99.00% (99.68 At. %) Cu: 97.00% (99.01 At.%) 
Au: 0.500/c ( 0.16 At.%) Au: 1.00% ( 0.32 At. %) Au: 3.00% ( 0.99 At. %) 

Po = O. 10 ,.,n cm Po = 0.20 ,.,n cm Po = 0.530 j1Q cm 

T k k k T k k kg T II 
e g e 

4 0.977 4 0.489 4 
6 1. 47 6 0.733 6 
8 1.95 8 0.977 8 

10 2.44 10 1.22 10 
15 3.66 15 1. 83 15 

20 4.89 20 2.44 20 
25 5.76 25 2.96 25 
30 6.11 30 3.49 30 
40 6.76 40 4.17 40 
50 6.30 50 4.46 50 

60 5. 57~' 5.26 60 4. 34~" 4.09 60 2.39* 
70 4.801.' 4.50 70 3.98':' 3.74· 70 2. 34'~ 
80 4.37':' 4.09 80 3.75':' 3.52 80 2. 36'~ 
90 4.12~" 3.85 90 3.60* 3.38 90 2.39>:< 

100 4. 01~' 3.75 100 3. 55~" 3.34 100 2.4:4~" 

150 3.92'~ 3.71 1).205; 150 3. 60~' 3.44 0.165* 150 2. 74~' 
200 3.88* 3.71 1),170 200 3. 65'~ 3.51 0.141: 200 2.92* 
250 3.86';< 3.71 0.147* 250 3.68':' 3.56 0.123 250 3. 1)5* 
273 3.85':' 3.71 0.138* 273 3.70':< 3.58 0.116* 273 3.10* 
300 3.85':' 3.72 1),129* 300 3.71* 3.60 0.109:\: 300 3.15* 

350 3. 85'~ 3.74 1).114* 350 3.73':< 3.63 0.0979* 350 3.H* 
400 3. 83~' 3.73 i). 103* 400 3.72"" 3.63 0.0890* 400 3.Z6* 
500 3.77':' 3.68 1).0861; 500 3.69* 3.61 0.0755* 500 3. 32"f 
600 3. 71'~ 3.64 1).0738 600 3. 65'~ 3.58 0.0656* 600 3.34* 
700 3.65':' 3.59 1).0647* 700 3.60* 3.54 0.0581* 700 3.35* 

800 3. 60~' 3.54 '1.0575* 800 3.55':' 3.50 0.0521* 800 3.34* 
900 3.55':' 3.50 ,).0518* 900 3.50* 3.45 0.0473* 900 3.311,' 

1000 3.49'~ 3.44 ).0471* 1000 3.45'~ 3.41 0.0433:\: 1000 3.28~" 
1200 3.361,< 3.32 ).0399* 1200 3.331

" 3.29 0.0370* 1200 3.20* 
1355 3.26':' 1353 3.24':' 1346 3.13* 

-- - .-

t Uncertainties in the total tlermal conductivity, k, are as follows: 
99.50 Cu - 0.50 Au: ± 14% below 100 K, ± 10% between 100 and 300 K, and ± ff/o above 300 K. 
99.00 eu - 1. 00 Au: ± 14% below 100 K, ± 10% between 100 and 300 K, and ± ff/o above 300 K. 
97.00 Cu - 3.00 Au: ± 14% below 200 K and ± 10% above 200 K. 
95.00 Cu - 5.00 Au: ± 14% below 200 K and ± 10% above 200 K. 

:t. Provisional value. 

':' In temperature range wheIe no experimental thermal conductivity data are available. 

k e 

0.1M 
0.276 
0.339 
0.4m 
O.6H 

0.922 
1.14: 
1. 35 
1. 73 
1. 99 

2.12 
2.18 
2.21 
2.24 
2.3J 

2.63 
2.82 
2.97 
3.02 
3.07 

3.14 
3.20 
3.26 
3.29 
3.:n 

3.:30 
3.27 
3.25 
3.17 

-

kg 

0.li2* 
0.0!l58*· 
O.084S: 
0.0801 
0.0757* 

0.0688* 
0.0633* 
0.0548* 
0.0~86* 
O. 0~37* 

0.0:J98* 
0.0366: 
0.0340 
0.0297* 

----

Cu: 95.00% (98.33 At.%) 
Au: 5.00% ( 1. 67 At. %) 

P~ = 0.870 1JD. cm 

T k ke kg 

4 0.112 
6 0.168 
8 0.225 

10 0.281 
15 0.421 

20 0.562 
25 0.697 
30 0.832 
40 1. 08 
50 1.28 

60 1.551,' 1.41 
70 1. 63* 1. 50 
80 1. 70':' 1. 58 
90 1. 76'~ 1.64 

100 1. 83':' 1.72 

150 2.17~' 2.08 0.0906: 
200 2.42~' 2.34 0.0778 
250 2.60* 2.53 0.0686* 
273 2.67 2.60 0.0652* 
300 2.741,' 2.68 0.0618:1: 

350 2.85':< 2 •. 79 0.0564* 
400 2.92':' 2.87 0.0520* 
500 3.03'~ 2.98 0.0453* 
600 3.081,' 3.04 0.0403* 
700 3.12'~ 3.08 0.0365* 

800 3.14':< 3.11 0.0335* 
900 3.14'~ 3.11 0.0309* 

1000 3.13':' 3.10 0.0288* 
1200 3.09':' 3.06 0.0254:1' 
1339 3.04* 
-~--
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TABLE 8. RECOMMENDED T~fERMAL CONDUCTIVITY OF COPPER-GOLD ALLOY SYSTEM (continued) .,' 

[Temperature, T, K; Thermal Concllctivity, k, W cm-I K-1; Electronic Thermal Conductivity, ke' W em-I K-l; Lattice Thermal Conductivity, kg' W cm-I K"'I] 

- .-
Cu: 90.0010 (96.54 At. %) Cu: 85.00% (94.61 At.%) Cu: 80.00% (92.54 At.%) 
Au: 10.00% ( 3.46 At. %) Au: 15.00% ( 5.39 At. 0/0) Au: 20.00% ( 7.46 At.%) 

--
Po = 1.721lf1. cm 00 :::: 2.53 vAl em Po == 3.52 IAn em 

T k k kg T k k kg T k e e 

4 0.0568 4 0.0462 ":'0379 0.00829 4 0.0358 
6 0.0852 6 0.746 (,0568 0.0178 6 0.0580 
8 0.117 8 0.104 ~.0758 0.0287 8 0.0811 

10 0.142 10 0.134 (,0947 0.0397 10 0.104 
15 0.213 15 0.205 (,142 0.0631 15 0.158 

20 0.284 20 0.269 (,189 0.0799 20 0.206 
25 0.353 25 0.324 (>,234 0.0901 25· 0.248 
30 0.421 30 0.375 C.280 0.0950 30 0.286 
40 0.553 40 0.462 L368 0.0942 40 0.351 
50 0.666 50 0.534 (,446 0.0879 50 0.407 

60 0.856 0.756 60 0.600 (. 518 0.0816:!: 60 0.458 
70 0.932 0.838 70 0.658 (.582 0. 0763:f: 70 0.506 
80 1.00 0.916 80 0.714 C.642 0.0719:!: 80 0.552 
90 1.07 0.982 I 90 0.769 (,701 0.0682* 90 0.597 

100 1.13'" 1.05 100 0.824';' (,759 0.0649* 100 0.643 

150 1.44';' 1. 37 0.0657* 150 1. 08~' 1.03 0.0532* 150 0.861';' 
200 1.70';' 1. 64 0.0565* 200 1. 31>!' 1.26 0.0457* 200 1. 06';' 
250 1.90>!' 1. 85 0.0500* 250 1. 50';' 1.46 0.0406* 250 1. 22':' 
273 1.98 1. 93 0.0476:t 273 1. 58 1. 54 0.0386* 273 1. 29'" 
300 2.08';' 2.03 O. 0452:~ 300 1.66';' 1.62 0.0367* 300 1.37';' 

350 2.22'~ 2.18 0.0414:t- 350 1. 80';' ].77 0.0336:!: 350 1.50';' 
400 2.33'~ 2.29 0.0383:~ 400 1. 91';' 1. 88 0.0312* 400 1.62';' 
500 2.50':' 2.47 0.0335:t. 500 2.11';' ~. 08 0.0274* 500 1. 81';' 
600 2.61* 2.58 O.0300:t. 600 2.25';' 2.23 0.0246* 600 1.97':' 
700 2. 70'~ 2.67 0.0274:!: 700 2.37';' 2.35 0.0224:t. 700 2.09';' 

800 2.76';' 2.73 0.0252* 800 2.46':' 2.44 0.0207:J: 800 2.19';' 
900 2.80';' 2.78 0.0234* 900 2.51':' 2.49 0.0193* 900 2.26';' 

1000 2.82';' 2.80 0.0219* 1000 2.56':' 2.54 0.0181* 1000 2.33* 
1200 2. 84~~ 2.82 0.0195* 1100 2.59';' 2.57 0.0171* 1100 2.39':' 
1320 2.83* 1303 2.63':' 1289 2.47';' 

t Uncertainties in the total 1hermal conductivity. l:, are as follows: 
90.00 Cu - 10.00 Au: ± 12% below' 100 K, ± 87'0 between 100 and 400 K, and ± 10% above 400 K. 
85.00 Cu - 15.00 Au: ± 12% below 100 K, ± 87'0 between 100 and 400 K, and ± 10% above 400 K. 
80.00 Cu - 20.00 Au: ± 10% below 200 K, ± 87'0 between ZOO and 500 K, and ± 10% above 500 K. 
75.00 Cu - 25.00 Au: ± 10% below 200 K, ± 87'0 between 200 and 500 K, and ± 10% above 500 K. 

* ProviSional va:ue. 

':c In t9mperature range where no experimental thermal conductivity data are available. 

k 
e 

0.0278 
0.0416 
0.0555 
0.0694 
0.104 

0.139 
0.173 
0.206 
0.272 
0.333 

0.389 
0.441 
0.491 
0.539 
0.588 

0.816 
1. 02 
1.18 
1. 26 
1. 34 

1.47 
1. 59 
1.79 
1. 95 
2.07 

2.17 
2.24 
2.31 
2.37 

kg 

0.00805 
0.0164 
0.0256 
0.0350 
0.0542 

0.0674 
0.0755 
0.0795 
0.0789 
0.0743 

0.0694* 
0.0649:1: 
0.0610* 
0.0578* 
0.0550* 

0.0450:1= 
0.0388:1= 
0. 0344 :J: 
0.0328* 
0.0311t-

0.0286* 
0.0265* 
0.0234:J: 
0. 0210 :J: 
0.0192* 

0.0178* 
0.0166* 
0.0155* 
0.0147* 

Cu: 75.00% (90.29 At. %) 
Au: 25.00% ( 9.71 At.%) 

Po == 4.45/JO cm 

T k k k e g 

4 0.0299 0.0220 0.00788 
6 0.0482 0.0329 0.0153 
8 0.0675 0.0439 0.0236 

10 0.0867 0.0549 0.0318 
15 0.131 0.0823 0.0486 

20 0.170 0.110 0.0598 
25 0.204 0.137 0.0665 
30 0.233 0.163 0.0697 
40 0.284 0.216 0.0684 
50 0.332 0.267 0.0647 

60 0.373 0.312 0.0606* 
70 0.414 0.358 0.0565:1: 
80 0.453 0.400 0.0532* 
90 0.491 0.441 0.0503* 

100 0.530 0.482 0.0478* 

150 0.717':' 0.678 0.0391 * 
200 0.882';' 0.848 0.0337* 
250 1. 03~' Loo 0.0299* 
273 1. 09 1. 06 0.0285* 
300 1. 17 1.14 0.0271* 

350 1. 29 1. 26 0.0249* 
400 1.40';' 1. 38 0.0231* 
500 1. 59';' 1. 57 0.0204* 
600 1. 74~' 1. 72 0.0184:J: 
700 1. 87':' 1. 85 0.0l68:J: 

800 1.97';' 1. 95 0.0156* 
900 2.05':' 2.04 0.0145* 

1000 2.12';' 2.11 0.0136* 
1100 2.18';' 2.17 O. 0129~: 
1277 2.27':' 
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TABLE 8. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-GOLD ALLOY f:YSTEM (continued) t 

[Temperature, T. K; Thermal Conductivity, k, W cm-1 K-t; Electronic Thermal Conductivity, ke' W cm-t K-l; I..attice Thermal Conductivity; kg' W cm-t K-q 

Cu: 70.00'10 (87. 85 At. %) Cu: 65.00% (85.20 At. %) Cu: 60.00% (S2. 30 At. %) 
Au: 30.00'10 (12.15 At. %) Au: 35. 00% (14. 80 At. %) Au: 40.00% (17.70 At.%) 

Po = 5,47 ~ cm Po = 6.52 ~ cm Po = 7.52 j&O cm 

T k k k T k k k T k e g e g 

4 0.0256 0.0179 0.00772 4 0.0226 0.0150 0.00758 4 0.0205 
6 0.0413 0.0268 0.0145 6 0.0364 0.0225 0.0139 6 0.0327 
8 0.0575 0.0357 0.0218 8 0.0505 0.0300 0.0205 8 0.0452 

10 0.0739 0.0447 0.0292 10 0.0645 0.0375 0.0270 10 0.0575 
15 0.111 0.0670 0.0441 15 0.0962 0.0562 0.0400 15 0,0853 

20 0.143 0.0893 0.0539 20 0.124 0.0749 0.0488 20 0.109 
25 0.171 0.111 0.0596 25 0.147 0.0930 0.0540 25 0.130 
30 0.195 0.133 0.0623 30 0.168 0.111 0.0566 30 0,148 
40 0.236 0.175 0.0615 40 0.203 0.147 0.0559 40 0,178 
50 0.275 0.217 0.0576 50 0.233 0.181 0.0522 50 0,204 

60 0.309':' 0.255 0.0537* 60 0.262':' 0.214 0.0482* 60 0,230 
70 O. 343~' 0.293 0.0501* 70 0.291':< 0.246 0.0449'" 70 0.254 
80 O. 376~' 0.329 0.0470'" 80 0.319* 0.277 0.0421'" 80 0.279 
90 0.409'~ 0.364 0.0445* 90 O. 348'~ 0.308 0.0398* 90 0.305 

100 0.4421" 0.400 0.0423'" 100 0.377':' 0.339 0.0379:1' 100 0.331* 

150 0.603" 0.568 0.0346:1: 150 O. 518~' 0.487 0.0309'" 150 0.456* 
200 0.750':' 0.720 0.0298* 200 0.651':' 0.624 0.0267:1: 200 0.576* 
250 0.886':' 0.859 0.0265* 250 0.7731,' 0.749 0.0237* 250 O. 687~~ 
273 0.942 0.917 0.0253:1: 273 0.825':< 0.802 0.0226:1: 273 0.736 
300 1. 01 0.986 0.0240:1: 300 O. 886~' 0.865 0.0215* 300 0.791 

350 1.12 1.10 0.0221* 350 0.9881" 0.968 0.0198* 350 0.887 
400 1. 22':< 1.20 0.0205:1' 400 1. 08~' 1.06 0.0184* 400 0.976 
500 1.40':' 1. 38 0.0181:1: 500 1. 25~' 1. 23 0.0162:1: 500 1.14* 
600 1. 55':' 1. 53 0.0163:1: 600 1. 40'~ 1. 39 0.0147* 600 1.27* 
700 1.68':' 1.67' 0.0150* 700 1. 53* 1. 52 0.0134* 700 1.40'!< 

800 1. 79':' 1. 78 0.0138:1: 800 1.63':' 1.62 0.0124* 800 1. 50~' 
900 1.881,' 1. 87 0.0129:1: 900 1.72':' 1.71 0.0116* 900 1.59* 

1000 1. 96':< 1.95 0.0122:1: 1000 1. 80>!' 1. 79 0.0109* 1000 1.67* 
1100 2.03':' 2.02 0.0115* 1100 1. 88~' 1. 87 0.-0104* 1100 1.74>:' 
1265 2.12':' 1255 1.97':' 1245 1. 821" 

-- ----

t Uncertainties in the total thermal conductivity. le, are as follows: 
70.00 Cu - 30.00 Au: ± 10% below 200 K. ± ff'lo between 200 and 500 K, and ± 10% above 5110 K. 
65.00 Cu - 35.00 Au: ± 10% below 200 K. ± 7% between 200 and 500 K, and ± 10% above 5[)0 K. 
60.00 Cu - 40.00 Au: ± 10% below 200 K, ± 7% between 200 and 500 K. and ± 10% above 5()0 K. 
55.00 Cu - 45.00 Au: ± 10% below 200 K. ± 7% between 200 and 500 K, and ± 10% above 50)0 K • 

* Provis ional value. 

':' In temperature range where no experimental thermal conductivity data are available. 

k e 

0.0130 
0.0]95 
0.0260 
0.0325 
0.0487 

0.0650 
0.0807 
0.0964 

. 0.127 
0.157 

0.186 
0.214 
0.241 
0.269 
0.297 

0.428 
0.552 
0.666 
0.7:6 
0.712 

0.869 
0.959 
1.13 
1.26 
1.39 

1.49 
1. 58 
1.66 
1.73 

kg 

0.00746 
0.0132 
0.0192 
0.0250 
0.0366 

0.0444 
0.0491 
0.0515 
0.0509 
0.0472 

0.0436'" 
0.0405* 
0.0381* 
0.0360* 
0.0342~ 
0.0279:1' 
0.0241 * 
0.0214:1: 
0.0204* 
0.0194* 

0.0179:1: 
0.0166* 
0.0147* 
0.0133* 
0.0122* 

0.(]1l3* 
0.0106* 
0.(]0993* 
O. C0939:1: 

Cu: 55.00% (79.12 At. %) 
Au: 45.00% (20.88 At. %) 

Po = 8.48 ~ cm 

T k k kg e 

4 0.0188 0.0115 0 •. 00735 
6 0.0298 0.0173 0.0125 
8 0.0409 0.0230 0.0179 

10 0.0518 0.0288 0.0230 
15 ·0.0765 0.0432 '0.0333 

20 0.0978 0.0576 0.0402 
25 0.116 0.0717 0.0445 
30 0.132 0.0856 0.0468 
40 0.160 0.113 0.0467 
50 0.183 0.140 0.0430 

60 0.204':' 0.164 0.0396; 
70 0.228* 0.191 0.0369 
80 O. 251t~ 0.216 0.0346* 
90 0.274':' 0.241 0.0327'" 

100 0.296':' 0.265 0.0311* 

150 O. 410~' 0.385 0.0254* 
200 O. 520t~ 0.498 0.0219* 
250 O. 622t~ 0.603 0.0194* 
273 0.666 0.647 0.0186* 
300 0.717 0.699 0.0176* 

350 0.807 0.791 0.0162:1' 
400 0.890 0.875 0.0151:1' 
500 1. 04~' 1.03 0.0134* 
600 1.18':< 1.17 0.0121* 
700 1. 29'!< 1. 28 0.0111 * 

800 1. 39'!< 1. 38 0.0103:1' 
900 1.481" 1.47 0.00962* 

1000 1. 56* 1. 55 0.00906* 
1100 1. 63* 1.62 0.00858:1= 
1236 1.71':< 
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TABLE 8. RECOMMENDED THERMAL CONDUCTIvITY OF COPPER-GOLD ALLOY SYSTE:M (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W em-I K-1; Electronic Thermal Conductivity, ke' Wcm-I K--l; Lattice Thermal Conductivity, kg' W cm-1 K-q 

__ .. u 

Cu: 50.IJO% (75.61 At.%) Cu: 45.00% (71.72 At.%) 
Au: 50. (i0% (24.39 At. %) Au: 55.00% (28.28 At.%) 

po=9.34~cm Po '" 10.1 flO cm 

T k k k e g T l{ k e kg 

--~-

4: 0.0178 0.0105 0.00725 4 0.0168 0.00964 0.00717 
3 0.0277 0.0157 0.0120 6 0.0259 0.0144 i).0l15 
B 0.0376 0.0209 0.0167 8 0.0350 0.0193 ').0157 

l[} 0.0474 0.0262 0.0212 10 0.0437 0.0241 ').0196 
15 0.0694 0.0392 0.0302 15 0.0636 0.0361 'J.0275 
2[) 0.0887 0.0523 0.0364 20 0.0811 0.0482 f),0329 
25 0.105 0.0649 0.0402 25 0.0961 0.0599 ,).0362 
3[) 0.120 0.0777 0.0422 30 0.110 0.0716 ).0379 
4[) 0.145 0.108 0.0421:1= 40 0.133 0.0947 1).0380:\: 
50 0.166 0.127 0.0394* 50 0.153 0.117 0.0360* 

6[) 0.187 0.151 0.0362'" 60 0.172 0.139 O.0333t-
7[) 0.207 0.173 0.0337:/: 70 0.192 0.161 0.0309:1: 
80 0.228 0.196 0.0316:/: 80 0.211 0.182 f). 0290* 
9[) 0.250 0.220 0.0299* 90 0.231 0.204 I}. 0274* 

10[) 0.271 0.243 0.0284* 100 0.250 0.224 1),0260* 

150 0.376 0.353 0.0232* 150 0.348 0.327 1).0212* 
20[) 0.476 0.456 0.0200* 200 0.441 0.423 fl. 0183~: 
250 0.570 0.552 0.0178:\: 250 0.530 0.514 I}. 0163: 
273 0.612 0.595 0.01.70* 273 0.569 0.553 ').0156 
301) 0.660'" 0.644 0.0161.* 300 0.614 0.599 }.0148* 

350 0.743':' 0.728 0.0149* 350 0.692 0.678 1).0136:1= 
100 0.823 0.809 0.0138:t 400 0.768 0.755 'J.0127:t-
500 0.967 0.955 0.0122* 500 0.904 0.893 C/. O112:~ 
600 1.09 l.OS 0.0110:t 600 1. 02 1. 01 ).0102* 
700 1.20':' l.20 0.0101* 700 1. 13'" 1. 12 :>.00932:t-

800 1. 30';' 1.29 0.00942:t. 800 1. 22';' 1.21 J.00865* 
900 1. 39';' 1. 38 0.00881 t 900 1. 30';' 1.29 J.00810* 

1000 1.46';' 1.45 0.00829 t 1000 1. 38 1. 37 J.00763* 
1100 1. 53':' 1. 52 0.00786:t 1100 1.44';' 1.43 ).00722* 
1226 1.62':' 1216 1. 51':' 

t Uncertainties in the total thermal conductivity, le, are as follows: 
50.00 ell - 50.0n Au: ±10'70 below 200 K, ±70/0 between 200 and 500 K, and 
45.00 Cll- 55.00 Au: ±100/0 below 200 K, ±S% between 200 and 500 K, and 
40.00 ell - 60.00 Au: ± 10'70 below 200 K, ± 8% between 200 and 500 K, and 
35.00 Cl1 - 65.00 Au: ± 10o/r, below 200 K, ± 80/0 between 200 and 500 K, and 

:t- Provisional value. 

eu: 40.00% (i>7. 39 At. %) 
Au: 60.00% (32.61 At. 'Va) 

Po = 10. 91JO cm 

T k 

4 
6 
8 

10 
15 

20 
25 
30 
40 0.126'~ 
50 (J.143':C 

60 (J.161':' 
70 ().179';' 
80 (J.19T;' 
90 0.216'" 

100 0.234';' 

150 d. 326'~ 
200 U.4131,' 
250 C.496';' 
273 C.534 
300 (.575 

350 (,651 
400 (. 721 
500 t. 850'~ 
600 ~.966'~ 

700 1. 07';' 

800 1.16':' 
900 ]. 23~' 

1000 ].30';' 
1100 1. 37t.' 
1206 1.43';' 

above 500 K. 
above 500 K. 
above 500 K. 
above 500 K. 

k e 

0.00898 
0.0135 
0.01.80 
0.0224 
0.0337 

0.0449 
0.0557 
0.0669 
0.0885 
0.110 

0.130 
0.150 
0.170 
0.191 
0.210 

0.306 
0.396 
0.481 
0.520 
0.561 

0.638 
0.709 
0.840 
0.957 
1.06 

1.15 
1.22 
1.29 
1.36 
1.42 

-

kg 

0.0240:1= 

0.0196* 
0.0168* 
0.0150:1: 
0.0143:t 
O.0136:\: 

0.0125:\: 
O. 01l7~: 
0.0103:t. 
0.00935* 
0.00859:\: 

0.O0797 l 

0.00746* 
0.00703* 
0.00666:t. 
0.00632* 

III temperature range where no experimental thermal conductivity data are avaib .. ble. 

Cu: 35.00% (62.54 At.%) 
Au: 65.00% (37.46 At. %) 

Po = 1l.4,AO em 

T k k k 
e g 

4 0.00855 
6 0.0128 
8 0.0171 

10 0.0214 
15 0.0321 

20 0.0427 
25 0.0532 
30 0.0636 
40 0.118';' 0.0842 
50 0.135':' 0.104 

60 O. 152~' 0.124 
70 0.169';' 0.143 
80 0.187';' 0.162 
90 0.204';' 0.181 

100 0.222':' 0.200 0.0221:J: 

150 0.310':' 0.292 0.0180* 
200 0.394';' 0.378 0.0156* 
250 0.473';' 0.459 0.0138* 
273 0.509 0.496 0.0132* 
300 0.549 0.536 0.0126* 

350 0.621 0.609 0.0116* 
400 0.688 0.677 0.0108* 
500 0.812';' 0.802 0.00954* 
600 0.922';' 0.913 0.00864* 
700 1.02';' 1. 01 0.00793* 

800 1. 11';' 1.10 0.00736* 
900 1.18':' 1.17 0.00689* 

1000 1.25';' 1. 24 0.00649* 
1100 1. 31';' 1.30 0.00615* 
1196 1.37';' 1. 36 0.00587* 
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TABLE 8. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-GOLD ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K~l; Electronic Thermal Conductivity, ke' W cm-1 K-t; Lattice Thermal Conductivity, kg' W cm-1 K-I] 

Cu: 30.00% (57.05 At. Va) Cu: 25.00% (50.82 At.%) Cu: 20.00% (43.66 At.%) 
Au: 70.00% (42.95 At. Va) Au: 75.00% (49.18At.%) Au: 80.00% (56.34 At. %) 

Po = 11.8 JJO. cm Po = 12.0 ~ cm Po=11.7 ~cm 

T k ke kg T k ke kg T k 

4 0.00827 4 0.00818 4 
6 i). 0124 6 0.0123 6 
8 0.0165 8 0.0164 8 

10 G.0207 10 0.0204 10 
15 0.0310 15 0.0307 15 

20 0.0413 20 0.0409 20 
25 0.0514 25 0.0508 25 
30 0.0615 30 0.0607 30 
40 0.113':' 0.OS14 40 0.110 0.0803 40 0.110 
50 0.129~' 0.100 50 0.127 0.099S 50 0.127 

60 0.146':' 0.120 60 0.143 0.118 60 0.144 
70 0.1631,< 0.139 70 0.159 0.136 70 0.161 
80 0.180~' 0.157 SO 0.176 0.155 80 0.178 
90 0.197':' 0.175 90 O. 193~'< 0.173 90 0.196* 

100 O. 214~" 0.194 0.0205* 100 0.2091" 0.190 0.0191* 100 0.213* 

150 0.299':' 0.282 0.0167* 150 0.294t" 0.279 0.0155* 150 0.299* 
200 0.381':' 0.367 0.0144* 200 0.375t.' 0.362 0.0134* 200 0.381* 
250 0.458':' 0.445 0.0128:1= 250 0.452':' 0.440 0.0119:1= 250 0.459* 
273 0.492 0.480 0.0122:1= 273 0.486 0.475 0.0114* 273 0.493 
300 O. 531~' 0.519 0.0116* 300 O. 525~' 0.514 0.0108'" 300 O. 532~c 

350 0.600t.' 0.589 0.0107* 350 0.593':' 0.583 0.00996'" 350 0.601':' 
400 O. 666~' 0.656 0.00997:1= 400 0.658 0.649 0.00926* 400 0.667 
500 0.786* 0.777 0.00884:1= 500 O. 775~' 0.767 0.00820:1= 500 0.785* 
600 0.893':' 0.885 0.00799* 600 0.881t" 0.874 0.00742'" 600 0.8921,< 
700 0.9901,' 0.983 0.00734'" 700 O. 975~' 0.968 0.00681* 700 0.988':' 

800 1.08':' 1.07 0.00682* 800 1. 06~' 1.05 0.00632'" 800 1.071" 
900 1.15'~ 1.14 0.0063S* 900 1.13* 1.12 0.00592* 900 1.14':' 

1000 1. 21':' 1.20 0.00601 * 1000 1.191" 1.18 0.00558:1= 1000 1. 21':< 
1100 1.27* :.26 0.00570* 1100 1. 25* 1.24 0.00528* 1100 1.26* 
1188 1. 32'!< 1.31 0.00547* 1184 1. 29"" 1.28 0.00507* 1182 1.30* 

---- --- ----

t Uncertainties in the total th9rmal conductivity, k, are as follows: 
30.00 Cu - 70.00 Au: ± 10% below 200 K, ± 8% between 200 and 500 K, and ± 10% above 500 K. 
25.00 Cu - 'i5.00 Au: ± 10% below 200 K, ± ff'/o between 200 and 500 K, and ± 10% above 500 K. 
20.00 Cu - 80.00 Au: ± 10% below 200 K, ± ff'/o between 200 and 500 K, and ± 10% above 500 K. 
15.00 Cu - 85.00 Au: f 10% below 200 K, ± ff'/o between 200 and 500 K, and ± 10% above 500 K. 

:1= Provisional value. 

>!c In temperature range where no experimental thermal conductivity data are available. 

ke 

0.00834 
0.0125 
0.0167 
0.0208 
0.Oa3 

0.0417 
0.OEl8 
0.0620 
0.OE20 
0.102 

0.121 
0.140 
O.lES 
0.177 
0.195 

0.2M 
0.369 
0.448 
0.4E2 
0.522 

0.592 
0.658 
0.777 
O. 8~5 
0.9E2 

1. O~ 
1.1:3 
1. 2(] 
1.25 
1. 3C 

kg 

0.0178* 

0.0145* 
0.0125* 
0.0111 * 
0.0106:1= 
0.0101 * 

0.00929* 
0.00864:1= 
0.00765: 
0.00692* 
0.00635 

0.00589: 
0.00551* 
0.00520 
0.00492:1= 
0.00473:1= 

Cu: 15.00% (35.36 At. %) 
Au: 85.00% (64.63 At.%) 

Po = 10.8,.,,0 cm 

T k ke kg 

4 0.00909 
6 0.0136 
8 0.0182 

10 0.0227 
15 0.0341 

20 0.0454 
25 0.0565 
30 0.0675 
40 0.115 0.0892 
50 0.134 0.110 

60 0.153 0.131 
70 0.172 0.152 
80 0.191 0.172 
90 0.209 0.191 

100 O. 22S~' 0.211 0.0169* 

150 O. 321'~ 0.307 0.0137* 
200 0.4091

" 0.397 0.0118* 
250 0.492':' 0.481 0.0105* 
273 0.529 0.519 0.0100'" 
300 0.570 0.560 0.00951* 

350 '0.643 0.634 0.00875* 
400 0.7121,' 0.704 0.00814'" 
500 0.836 0.829 0.00720* 
600 0.947t.' 0.940 0.00650* 
700 1.04"" 1.03 0.00596'" 

800 1. 13'~ 1.12 0.00553'" 
900 1.20* 1. 20 0.00517* 

1000 1. 26':< 1.26 0.00487:1= 
1100 1. 31* 1. 31 0.00461* 
1185 1. 35* 1. 35 0.00442* 
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TABLE 8. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-GOLD ALLOY SYSTEM (continued) t 

[Temperature, T. K: Thermal Conductivity, k, W cm-I K-I; Electronic Therma~ Conductivity, ke' Wcm-I K-'; Lattice Thermal Conductivity, kg' W cm-' K-q 

- -- -- ------ -_._- -- -----

Cu: 10.00% (25.62 At. %) Cu: 5.00% (14.03At.%) Cu: 3.00% ( 8.75 At. %) 
Au: 90.00% (74.38 At.%) Au: 95.00% (85.97 At. %) Au: 97.00% (91.25 At. %) 

Po = 8.72 IJ.Q cm Po = 5.27 ~ em Po = 3.44 ,..0 cm 

T k k e k 
g T k k 

e 
k 

g T k 

4 0.0112 4 0.0185 4 
6 0.0168 6 0.0278 6 
8 0.0224 8 0.0371 8 

10 0.0280 10 0.0464 10 
15 0.0420 15 0.0695 15 

20 0.0560 20 0.0927 20 
25 0.0696 25 0.114 25 
30 0.0832 30 0.136 30 
40 0.135 0.110 40 0.204 0.178 40 0.297 
50 0.158 0.135 50 0.242 0.218 50 0.351 

60 0.181 0.160 60 0.278 0.256 60 0.403 
70 0.205 0.185 70 0.314 0.294 70 0.453 
80 0.228 0.210 80 0.350 0.331 80 0.502 
90 0.251 0.234 90 0.385 0.367 90· 0.549 

100 0.274':' 0.258 0.0163:\: 100 0.420':' 0.403 0.0171 :I: 100 0.597'" 

150 0.385~' 0.372 0.0133:!: 150 0.584':' 0.570 0.0138* 150 O. 812~' 
200 0.489'" 0.478 0.0114 :!: 200 0.731':' 0.719 0.OIl8:\: 200 0.993':' 
250 O. 585~' 0.575 0.0101 :t 250 0.862':' 0.852 0.0104* 250 1.15';' 
273 0.627 0.617 0.00964* 273 0.918 0.908 0.00995:1: 273 1.21 
300 0.675 0.666 0.00915* 300 0.979 0.970 0.00943:\: 300 1.28 

350 0.757 0.749 0.00841:!: 350 1.08 1. 07 0.00865:1= 350 1.39 
400 0.834':' 0.826 0.00781:1= 400 1.17':' 1.16 0.00801 * 400 1.49':' 
500 0.967 0.960 0.00690:!: 500 1.33':< 1.32 0.00704* 500 1.641,' 
600 1. 08~' 1.07 0.00622:1= 600 1. 45'~ 1.44 0.00633:1= 600 1. 76':' 
700 1.18':' 1.17 0.00570* 700 1. 55~" 1.54 0.0057S* 700 1.86';' 

800 1.27':' 1. 26 0.00528* 800 1.62':' 1.61 0.00534* 800 1.921" 
900 1.34':' 1. 34 0.00493:1= 900 1. 68':' 1.68 0.00498* 900 1.96~' 

1000 1.39';' 1. 39 0.00464* 1000 1.731" 1.73 0.00467* 1000 1.98':' 
1100 1.44':' 1.44 0.00439* 1100 1.77':' 1.77 0.00441 * 1100 1.99':' 
1199 1.48':' 1.48 0.00417:1= 1241 1. 81':' 1270 1. 98':' 

- -- - -- - -

t Uncertainties in the total thermal conductivity, k, are as follows: 
10.00 eu - 90.00 Au: ± 10% below 200 K, ± 80/0 between 200 and 501) K. and ± 10% above 500 K. 
5.00 Cu - 95.00 Au: ± 12% below 200 K. ± 80/0 between 200 and 501) K, and ± 10% above 500 K. 
3.00 Cu - 97.00 Au: ± 12% below 200 K, ± 80/0 between 200 and 50') K, and ± 10% above 500 K. 
1.00 Cu - 99.00 Au: ± 14% below 200 K and ± 10% above 200 K. 

* Provisional value. 

':' In temperatUre range where no experimental thermal conductivity data are availa':lle. 

k e 

0.0284 
0.0426 
0.0568 
0.0701 
O. L06 

O. L42 
O. L74 
0.206 
0.267 
0.324 

0.378 
0.4:30 
0.480 
0.529 
0.578 

0.797 
0.1)80 
1.14 
1.20 
1.27 

1.38 
1.18 
1.63 
1.75 
1.85 

1.91 
1.95 
1.98 
1.99 

k 
tT 
::> 

0.0190:1: 

0.0150* 
0.0129:1= 
0.(]1l4:t 
0.C108:\: 
0.C102:1= 

0.C0935* 
O. C0865* 
0.C075S:I= 
O. <:0679* 
O.OOBlS* 

0.00569:t: 
0.00529* 
0.00495* 
0.()0466* 

Cu: 1. 00% ( 3.04 At. %) 
Au: 99.00% (96.96 At.%) 

Po = 1.40 IJ-O em 

T k k k 
€ g 

4 0.OE98 
6 O.le5 
8 0.140 

10 0.174 
15 0.262 

20 0.349 
25 0.420 
30 0.4!12 
40 0.663 0.622 
50 0.758 0.721 

60 0.848 0.814 
70 0.932 0.901 
80 1. 01 0.981 
90 1. 09 1.06 

100 1.17':' 1.14 0.0256* 

150 1.47':' 1.45 0.0203:1= 
200 1.69* 1.68 0.0172:\: 
250 1. 86';' 1. 84 0.0150:1= 
273 1. 920:' 1.91 O.0142:l: 
300 1. 98* 1.9'7 0.0134* 

350 2. 08'~ 2.0'! 0.0122* 
400 2.16':< 2.15 0.01l2:l: 
500 2.27':< 2.26 0.00974:1= 
600 2.34':< 2.33 0.00864:\: 
700 2.37';' 2.36 0.00780* 

800 2.38':< 2.37 0.00712* 
900 2.37'~ 2.36 0.00657:1= 

1000 2.34';' 2.33 0.00610:1= 
1100 2.31':' 2.30 0.00571 :1= 
1296 2.22'" 

o 
w 
o 

:t: o 
m 
~ 

» :-



!

" :r 
~ 
n 
:r • 
EJ 
:0 • :"" 
C 
a 
1 
< 
~ 
:-' 
z 
!:» 
!A 
-0 

" C» 

TABLE 8. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-GOLD ALLOY SYSTEM (continued) t 

fTemperature. T. K: Thermal Conductivity, k, W cm-t K-t; Electronic Thermal Conductivity, ke • W cm-t K- t ; Lattice Thermal Conductivity, kg' W cm-t K-l] 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1200 
1323 

Cu: 0.500/() ( 1. 53 At. %) 
Au: 99.50% (98.47 At.%) 

Po =0.770 ¢l em 

k k e kg 

0.127 
0.190 
0.254 
0.317 
0.476 

0.634 
0.740 
0.843 

1.08* 1. 03 
1. 20'~ 1.15 

1. 30':' 1. 26 
1. 39'~ 1. 35 
1.48'~ 1.44 
1. 56':' 1. 52 
1.64~' 1. 61 0.0329* 

1.96':' 1. 93 0.0257* 
2.16'~ 2.14 0.0213* 
2.30t" 2.28 0.0185* 
2.34* 2.32 0.0175* 
2. 39'~ 2.37 0.0164* 

2.45~' 2.43 0.0148* 
2.50t.' 2.49 0.0136:1: 
2. 56~" 2.55 0.0116* 
2.59':' 2.58 0.0102* 
2.59>:' 2.58 0.00914* 

2.58':' 2.57 0.00828* 
2.54':' 2.53 0.00757* 
2.50':' 2.49 0.00698* 
2.40':' 2.39 0.00605* 
2.32':' 

t Uncertainties in the total thermal conductivity, k, are as follows: 
0.50 Cu - 99.50 Au: ± 14% below 200 K and ± 10% above 200K. 

* Provisional value. 

~, In temperature range where no experimental thermal·conductivity data are available. 
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? TABLE 9. THERMAL CONDUCTIVITY OF COPPER + GOLD ALLOYS -- SPECIMEN CHARACTERIZATION Alm MEASUREMENT INFORMATION 
::a 
~ 
0 Name and Composition c Cur. Ref. Method Temp. if No. No. Author(s) Year Used Range,K Specimen ,:weight percent) Com;>osition (continued), Specifications, and Remarks 
< Designation Cu Au 
~ 
, ...... 61 Griineisen, E. and 1934 ), 21-93 10 75.2 24.8 Calculated composition; polycrystalline; form factor 1. 53 x 103; residual 
Z Reddemann, H. electrical resistivity 6. 54/-t0 cm; electrical resistivity 5.09 and· 
~ 4. 71/-tO em at -190 and -251 C, respectively. 
(0.) 

2 61 Griineisen, E. and 1934 L 21-9=. 9 87.4 12.6 Calculated composition; polycrystalline; form factor 2. 6L x 103; residual 
-0 Reddemann, H . electrical resistivity 3. 83 /-to em; electrical resistivity 2. 487 and ...... 
«lD 2.172/-t0 cm at -190 and -251 C, respectively. 

3 65 Zolotukhin, G. E. 1957 L 422.7 56.33 43.67 Calculated compOSition; cylindrical specimen 1. 43 cm long and 0.63 cm2 
in cross-section; cast; density 14. 30 g cm-3• 

4 65 Zolotukhin, G. E. 1957 L 448.2 The above specimen; annealed for 10 hr. 

5 65 Zolotukhin, G. E. 1957 L 411.2 The above s?eeimen; annealed for 20 hr. 

6 65 ZoloLukhin, G. E. 1957 L 467.2 The above s;:>ecimen; amlealed for 30 hr. 

7 65 Zolorukhin, G. E. 1957 L 422.2 The above specimen; annealed for 40 hr. :c 
8 62 Kemp, W.R.G., 1957 IJ 1. 9-124 20.09 8 em long and 0.5 cm h diameter; annealed at 750 C for 1 hr; electrical 0 

Klemens, P. G., and resistivity reported as 3.53, 3.91, and 5.37 /-to cm at 0, 90, and 293 K, m 
Tainsh, R.J. respectively. ... 

9 62 Kem?, W.R. G., et al. 1957 L 1. 9-9] 37.99 Similar to the above specimen except electrical resistivity reported as ,. 
7.04, 7.38, and 8.89 /-to cm at 0, 90, and 293 K, respectively. r-

IO 63 Sedstrom, E. 1919 'I 273,3'i3 55.24 44.76 Calculated composition; specimen rolled and drawn to wire 1 mm diameter; 
heated to near melting point forO. 5 hr; electrical conductivity 5.7 x 
104 and 5,5 x 104 0-1 cm-1 at 0 and 100 C, r~spectively. 

11 63 Seds,rom, E. 1919 'I 273,3'i3 73.52 26" 48 Similar to tle above specimen except electrical conductiYity 10.7 x 104 

and 9.1 x 104 0-1 cm-1 at 0 and 100 C, respectively. 

12 63 Sedstrom, E. 1924 T 273.2 94.6 5.4 Calculated composition; specimen rolled and drawn to a wire of 3 cm in 
length and 1 mm2 in cross-section, then heated to the melting point; 
electrical resistivity 8. 2 /-to cm at 0 C. 

13 63 Sedstro:rn, E. 1924 T 273.2 87.6 12.4 Similar to tile above specimen except electrical resistivi~y 4. 7 /-to cm at 
o C. 

14 63 Sedstro:rn. E. 1924 T 273.2 72.7 27.3 Similar to tile above specimen except electrical resistivity 7.3 /-to cm at 
o C. 

15 63 Sedsirol11, E. 1924 T 273.2 55.0 45.0 Similar to th:;) above specimen except electrical resistivity 10. 4 f,l0 em at 
o C. 

16 120 Leaver, A.D. W. and 1971 L 2.6-4.2 10 Au 25.4 PolycrystalI:ne; obtained from the International Research and Development 
Charsley, P. Co.. Ltd.; annealed; residual electrical resistivity 4.386 /-to, cm. 

17 120 Leaver, A.D.W. and 1971 L 2.1-4.L 10 Au The above specimen tensile strained 13.4% under a stress of 36.68 kg mm-2; 
Charsley, P.· residual electrical resistivity 4.444 IJ,O cm. 



TABLE 10. THERMAL CONDUCTIVITY OF GOLD + COPPER A:t.LOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Cur. Ref. Meth<1d Temp. Name and Composition 
Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K Designation Au Cu 

1 65 Zolotukhin, G. E. 1957 L 488.7 IV 75.61 24.39 Calculated composition; cast; 1. 30 cm long-and 0.63 cm2 in cross-section; 
density 18.34 g cm-3• 

2 65 Zolotukhin, G. E. 1957 L 483.2 IV The above specimen annealed 10 hr at 200 C. 

3 65 Zolotukhin, G. E. 1957 L 420.7 IV The above specimen annealed 20 hr at 200 C. 

4 65 Zolotukhin. G. E. 1957 L 473.7 IV The above specimen annealed 30 hr at 200 C. ... 
5 65 Zolotukhin, G. E. 1957 L 395.2 IV The above specimen annealed 40 hr at 200 C. :::t: 

m 
6 65 Zolotukhin, G. E. 1957 L 466.2 V 85.20 14.80 Calculated composition; east; 1. 30 cm long and 0.63 cm2 in cross-section; ::a 

~ density 19. 40 g cm-3• > 
7 65 Zolotukhin. G. E. 1957 L 504.7 V The above specimen annealed 10 hr at 200 C. 

r-

8 65 Zolotukhin, G. E. 1957 L 426.2 V The above specimen annealed 20 hr at 200 C. 
n 
0 

9 65 Zolotukhin, G. E. 1957 L 481. 7 V The above speciinen annealed 30 hr at 200 C. Z 
0 

10 65 Zolotukhin. G. E. 1957 L 460.7 V The above specimen annealed 40 hr at 200 C. c: 
n 

11 65 Zolotukhin, G. E. 1957 L 445.7 n 50.82 49.18 Calculated composition; cast; 1. 49 cm long and 0.63 cm2 in qross-section; ... 
density 15. 05 g cm~. < 

=i 
12 65 Zolotukhin, G. E. 1957 L 493.2 II The above specimen annealed 10 hr at 200 C. < 
13 65 Zolotukhin, G. E. 1957 L 401. 7 II The above specimen annealed 20 hr at 200 C. 0 

'ft 

14 65 Zolotukhin, G. E. 1957 L 470.2 n The above specimen annealed 30 hr at 200 C. 
'" 15 65 Zolotukhin, G. E. 1957 L 403.7 II The above specimen annealed 40 hr at 200 C. Z 

16 65 Zolotukhin, G. E. 1957 L 497.7 III 62.54 37.46 Calculated composition; cast; 1. 45 cm long and 0.63 cm2 in cross-section; » ::a 
density 16.70 g cm-a• < 

17 65 Zolotukhin, G. E. 1957 L 455.7 III T:le above specimen annealed 10 hr at 200 C. » 
~ 

18 65 Zolotukhin, G. E. 1957 L 437.7 III The above specimen annealed 20 hr at 200 C. ~ 

0 
19 65 Zolotukhin, G. E, 1957 L 457.7 III The above specimen annealed 30 hr at 200 C. < 
20 65 Zolotuld1in. G. E. 1957 J, 444.7 III The above specimen annealed 40 hr at 200 C. 

tit-

< 
~ 

Sedstrom. E. 
tit 

." 21 63 1919 T 273.373 96.73 3.27 Calculated composition; rolled and drawn to 1 mm diameter wire; annealed -4 
':1' close to melting point for 0.5 hr; electrical conductivity 14.3 and 13.4 x m 

'< 3: !" 1040-1 cm-1 at 0 and 100 C, respectively. III 
n 
:T 22 63 Sedstrom, E. 1919 T 273,373 92.55 7.45 S:milar to the above specimen except electrical conductivity 8. 5 and 8. 2 x CD 

~ 104 0-1 cm-t at 0 and 100 C. respectively. 
~ 23 63 Sedstrom, E. 1919 T 273,373 87.77 12.23 S:milar to the above specimen except electrical conductivity 6. 3 and 5. 9 x 
~ 1040-1 cm-1 at 0 and 100 C. respectively. 
C 
D 24 63 Sedstrom, E. 1919 T 273,373 59.25 40.75 S:milar to the above specimen except electrical conductivity 5. 0 and 4. 6 x ; 

104 0-1 cm-1 at 0 and 100 C, respectively. 
< 
~ 25 64 Sedstrom, E. 1924 T 273.2 50.8 49.2 Rolled and drawn to 1 mm2 in cross-sectional area and 3 em long; annealed 
.:"I close to melting point for 0.5 hr; electrical resistivity 10.8 f,LO cm at 
Z 273 K. 
$> 
!A 26 64 Sedstrom, E. 19~4 T 273.2 54.0 46.0 Similar to the abOve spEcimen except electrical resistivity 11. 4 f,LO cm at 

..0 
273 K. 0 

..... w 
GC) " 
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~ TABLE 10. THERMAL CONDUCTIVITY OF GOLD + COPPER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) CD 

n 
::r 
II) 

~ Name and Composition 
:m Cur. Ref. Author(s) Year 

Method Temp. 
Specimen (weight percent) ComI=osition (continued), Specifications, and Remarks rt No. No. Used Range,K Designation Au Cu 

0 
D 

it 27 64 Sedstrom, E. 1£24 T 273.2 57.0 43.0 Similar to the above specimen except electrical resistivity 11. 8IJ.o, cm at 
< 273 K. 
~ 

Sedstrom, E. H24 T 273.2 62.6 37.4 Similar to the ab();ve specimen except electrical resistivity 13. 0 lJ.o, cm at. ~ 28 64 
Z 273 K. 
!'J 29 64 Sedstrom, E. 1£24 T 273.2 67.2 32.8 Similar to the above specimen except electrical resistivity 13. 6 lJ.o, cm at 
!'" 273 K. 
-0 

30 64 Sedstrom, E. 1£24 T 273.2 71. 9 28.1 Similar to the above specimen except electrical resistivity 10.5 lJ.o, cm at .... 
Ill) 

273 K. 

31 64 Sedstrom, E. 1£24 T 273.2 78.1 21.9 Similar to the above specimen except electrical resistivity 7. 6 /.Lo, cm at 
273 K. 

32 64 Sedstrom, E H24 T 273.2 78.2 21. 8 Similar to the above specimen except electrical resistivity 7. 6 /.Lo, cm at 
273 K. 

33 64 Sedstrom, E. H24 T 273.2 78.9 21.1 Similar to the above specimen except electrical resistivity 8. 4 /.Lo, cm at 
273 K. 

34 64 Sedstrom, E. 1£24 T 273.2 82.1 17.9 Similar to the above specimen except electrical resistivity 11. 6 lJ.o, cm at % 
273 K. 0 

35 64 Sedstrom, E. 1£24 T 273.2 82.4 17.6 Similar to tile above specimen except electrical resistivity 11. 6/.Lo, cm at m 
273 K. 

.... 
36 64 Sedstrom, E. 1£24 T 273.2 87.5 12.5 Similar to tIle above specimen except electrical resistivity 11.6 lJ.o, cm at » 

: 
273 K. 

37 64 Sedstrom, E. 1£24 T 273.2 94.1 5.9 Similar to tile above specimen except electrical resistivity 8. 0 /.LO cm at 
273 K. 

38 61 Griineisen, E. and 1£34 L 80,92 11 89.6 10.4 Calculated composition; polycrystalline; cast; electrical resistivity 
Reddemann, H. 9.27 /.Lo, em at 83 K. 

39 61 Grlineisen, E. and H34 L 22-80 11a 'The above specimen annealed in vacuo for 40 hr at 365 C; electrical re-
R eddemann, H. sistivity 10. 88/.LO cm at 273 K. 

40 61 Grlineisen, E. and 1£34 L 22-91 12 96.9 3.10 Calculated composition; polycrystalline; cast; electrical resistivity 3.828, 
Reddetnann, H. 4.345, and 5.94 /.Lo, em at 22, 83, and 273 K, respectively. 

41 61 Grlineisen, E. and 1£34 L 21-91 13 98.43 1. 57 Calculated composition; polycrystalline; cast; electrical resistivity 1. 841, 
Reddemann, H. 2.353, and 3. 93/.LO em at 22, 83, and 273 K, respectively. 

42 61 Griineisen, E. and 1!J34 L 79-91 14a 50.1 .49.9 Calculated composition; polycrystalline; cast; quenched from 800 C; 
R eddemann, H. electrica: resistivity 6. 64 /.Lo, cm at 83 K. 

43 61 Gruneisen, E. and 1£34 L 87.4 14b 'The above specimen annealed at ",400 C for 20 hr; electrical resistivity 
R eddemann, H. 3.23 and 5. 80 J.Lo, cm at 83 and 273 K, respectively. 

44 61 Griineisen, E. and 1£34 L 79,92 14c 'The above specimen annealed at",360 C for 32 hr; electrical resistivity 
Reddemann, H. 3.126 and 5. 42 /.Lo, em at 83 and 273 K, respectively. 

45 61 Griineisen, E. and 1£34 L 80,92 14d 'The above specimen annealed at ...... 820 C for 2 hr and then quenched; 
Reddemann, H. electrica: resistivity 11. 49/.Lo, em at 273 K. 

46 61 Griineisen, E. and 1£34 L 22-80 14e 'The above specimen measured after 5 months; electrical resistivity 9.88 
Reddemann, H. and 11. 48/.LO em at 83 and 273 K, respectively. 



TABLE 10. THERMAL CONDUCTIVITY OF GOLD + COPPER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (CDntinued) 

Cur. Ref. Methoc Temp. Name and Composition 
Author(s) Year Specimen (weight perce~t) Composition (continued), Specifications, and Remarks No. No. Used Range,K Designation Au Cu 

47 61 Grtineisen, E. and 1934 L 21-81 14f The above specimen annealed at..v325 C for 30 hr; electrical resistivity 
Reddemann. H. 2.70 and 3.41 fJO em at 22 and 83 K, respectively. 

48 61 Griineisen. E. and 1934 L 86.9 15a 75.6 24.4: Calculated composition; p>lycrystalline; cast; quenched from 800 C; .... 
Reddemann, H. 'electrical resistivity 11.57, 13.2, and 13.41 fJO cm at ,g3, 273, and :J: 

292 K, respectively. m 

'" 49 61 Grtineisen. E. and 1934 L 85,85 15h The above specimen ann~aled at 360 C for 22 hr; electrica1 resistivity 3: 
> Reddemann, H. 1. 753, 3.914, and 4.82 fJO cm at 83, 273, and 293 K, respectively. .... 

50 61 GrUneisen, E. and 1934 L 81.92 15c The above specimen annealed at 345 C for 30 hr; electrical resistivity n 
Reddemann, H. 2.228 and 4.48 JLO em at 83 and 273 K, respectively. 0 

Z 
51 61 GrUneisen, E. and 1934 L 79-91 15d The above specimen annealed at 325 C for 30 hr; electrical resistivity C 

Reddemann. H. 1. 797 and 4.07 fJO cm at 83 and 273 K, respectively. C n 
52 61 Grtineisen, E. aoci 1934 L 79,91 15e The above specimen annealed at 800 C for 2 hr and then ql1encbed; electrica -4 

Reddemann. H. reSi~tivity 9. 17 JLO en at 83 K. <: 
~ 

53 61 GrUneisen, E. and 1934 L 22-79 15f The above specimen measured after 4 months; electrical resistivity -< 
Reddemann, H. 7.90 fJO cm at 83 K. 

Cl 
54 61 GrUneisen, E. and 1934 L 21-80 15g The above specimen annealed at",325 C for 30 hr; electrical resistivity .,., 

Reddemann, H. 1. 826 and 4:.09 JLO cm at 83 and 273 K, respectively. !1i 
55 126. Lindenbaum, S. D. and 1962 L 407-680 CU3Au 49.18 Intermetallic compound; O. 1858 in. diameter and 2. 41 in. long; succes- Z 

174, Quimby, S. L. sively annealed at 36) C for 90 hr, 240 C for 110 hr, and 220 C for > 
'" 175 600 hr; critical temperature lies between 387.5 and 35S. 2 C; electrical -< 

resistivity reported as 4. 2582, 4. 3864, 4. 8367, 5. 2834, 5.6889, > 6.2509, 6.6710, 7.2362, 8.2142, 9.3038, 10.6252, 10.8993. 11. 3171, .... 
12.1987, 13.6671, 14. 0257, 14.0355, 14.0752, 14.1084. and 14.2959 .... 

0 J.,t0 cm at 33.30, 43.74, 83.38, 124.04, 160.92, 211. 71. 248.80, -< 
278.71, 311.98, 345.78. 373. 61, 377.93, 382.60, 385.80. 387.54, 

CIt 
~ 

388.19, 390.97, 395.25, 404.20, and 419. 77 C, respel~tively (selected -<. 
"V from 76 points reported by the authors). CIt 

-4 :r 
66 Goff, J. F., Verbalis, 0.1 Fe; inter metallic compound; specimen 60 mm x 3.2 mm x 3.2 rom; m 

~ 56 1968 L 1. 7-275 CUsAu 49.18 3: 
n A.C., Rhyne, .I.J., prepared from ASARca five-9 Cu and Au material; the melt was first CIt 
:r and Klemens, P.G. homogenized by rocking for about 10 min then cast in s. constricted III 

~ end of the same tube; annealed for 2 hr at 850 C and cp;.enched from 
;Ia 700 C by breaking the capsule in water (all melting and annealing the 
~ specimen and specimen materials were done in quartz tubes had been 
0 evacuated to less than 1()6 torr at close-off); residual electrical resis-
G tivity 0.092,.,.0 cm; electrical resistivity ratio p(300K}/p(4. 2K) = 1. 23; ; 
< electrical resistivity reported as 9.1, 9.1, 9. 2, 9~ 3, 9.3, 9.2, 9.4, 
0 9.4, 9. 5, 9.7. 9.8, 9. 9, 10.2, 10. 5, 10.8, 11.0, 10.9, and 11.3 ,JJ 
:0- cm at 1.8, 5.6, 13. C, 16.4, 19.6, 30.0, 41.3. 63.2, 86.6, 101. 114, .... 
z 131, 163, 191. 227, 254, 261, and 299 K respectively. 
~ 
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TABLE 10. THERMAL CONDUCTIVITY OF GOLD + COPPER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Met10d Author(s) YfJar No. No. Used 

57 66 Goff, J. F., Verbalis, 1968 1 
A.C., Rhyne, J.J., 
and Klemens, P.G. 

58 66 Goff, J. F., et al. 1968 L 

Temp. Name and 
Specimen Range,K Designation 

117-269 CUaAu 

154-276 CU3Au 

Composition 
(weight percent) 

Au Cu 

49.18 

49.18 

Composition (continued), Specifications, and Remarks 

Intermetallic compound; similar to the above except electrical resistivity 
reported as 9.7, 9.9. 10.1, 10.3, 10.4, 10.6, 10.8, 10.7. 10.9. and 
11.3 110 em at 88, 115, 148, 159. 180. 194, 224. 232, 247, and 
293 K, respectively; measurement was made with an insulating pad:ing 
inside the radiation shield. 

Similar to the above except electrical resistivity reported as 9.1, 9.9, 
9.8, 9.9, 10.1, 10. 5, 11.0, 10.7, 10.9, 11.0, and 11.4 IJO cm 
at 9, O. 112, 129, 143, 171. 211, 235, 240, 260, 265, and 287 K, 
respecttmly; measurement was made in the original condition but with 
a measured radiation loss correction. 
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4.4. Copper-Nickel AllOY ~ys,em 

'I'hecopper-nickel alloy system forms a continuous series of 
solid solutions and is free of all tranformations except that of 
ferromagnetism. As shown in figure 2, the electricarresistivi
tyversus temperature curves for Ni+Cu alloys change slope 
abruptly at the Curie temperature of the all.oys. The Curie 

·temperature decreases as th~ concentration of copper in the 
alloys increases. The ferromagnetism disappears and the 
Curie temperature drops to zero as the concentration of cop
per reaches 61.88% (60 At. %). 

Mott [3] has given an explanation of the ferromagnetic 
ehavior of these alloys based on the filling of holes in the d 
and of nickel by the s electrons of copper. The d-shell in a 
JPper atom is completely occupied and there is a single s 
lectron outside, whereas the 3dt band of a nickel atom is full 
iut there are 0.54 holes in the 3d. band: these d-band holes 
lre the elementary magnets in nickel. The Curie temperature 
sproportional to the number of elementary magnets per unit 
mlume, which in nickel is thus 0.54 times the number of 
.toms per unit volume. The density of states in the d band of 
he nickel atom at the Fermi surface is approximately ten 
imes greater than the density of states in the s band, so that 

1S copper is added to nickel about 9C percent of the extra s 
electrons go to fiU. up the d band, and thus decrease the 
number of elementary magnets per unit volume, until at 60 

% Cu the d band of nickel is full, at which point the fer
magnetism disappears and the Curie temperature drops to 
K. The insert in figure. 2 shows the Curie temperature as a 
lDction of percent copper in nickel, which is linear for the 
comic percent of copper. This straight-line relationship was 
etermined from the electrical resistivity data shown in 
gure 2. The behavior of the electrical resistivity of these 
:loys has a direct bearing on the behavior of the thermal 
mductivity (see figure 29), and therefore. the knowledge of 
H~ former is prerequisite to the understanding of the latter. 
There are 153 sets of experimental data available for the 

termal conductivity ohhis alloy system. However, of the 104 
ata sets available for Cu+Ai aUoys listed in table 12 and 
llown in figure 30,27 sets are merely single data points and 
:5 sets cover only a narrow temperature range from around 
OOlll temperature to abuut 500 K. Of the 49 data sets for 
~i+Cu alloys listed in table 13 and shown in figure 31, 23 sets 
uesingle data points. Furthermore, many sets of data show 
Jarge discrepancies. 

For the Cu+Ni alloys, the most reliable measurements at 
room temperature were made by Smith and Palmer [49] 
(Cu+ Ni curves 1-7), surprisingly in 1935, for a set of well
annealed alluylS. Electrical resistivity data were also reponed 
fOT the same specimens used for the thermal conductivity 
measurements. These provided the basis for the easy separa
tion of the lattice component from the measured thermal 
conductivity. 

Hulm [69] measured the thermal conductivity of an alloy 
with 20% Ni below 25 K (Cu+Ni curve 15). Berman [70] 
measured thermal conductivity of a sample of Constantan 
(40% Ni) below 100 K (Cu+Ni curve 21). Wilkinson and 
Wilks [71] measured the thermal conductivity of an alloy with 
30% Ni below 20 K (Cu+Ni curve 14). These three sets of low-

temperature data appear to be reliable and consistent in view 
of the cold-work condition of the 30% Ni specimen of Wilkin
son and Wilks (curve 14) .. 

In the temperature range below 70 K, Erdmann and 
Jahoda have measured the thermal conductivity of the Cu·Ni 
alloy system several times [72-74] (Cu+Ni curves 52-55,62-66, 
68, and 84; Ni+Cu curves 13·19 and 21-23). One set of their 
measurements [74] (Cu+Ni c.urves 52-55 and Ni+Cu curves 
13-19) is the only one that covers a wide range of composition 
at low temperature. However, it was very difficult to evaluate 
the reliability of their results. For copper-rich alloys, the lat· 
tice thermal conductivities derived from their measured total 
thermal conductivities are about 40% higher than those 
derived from other authors' results. Since their samples 
seemed to be the best annealed (at 9300 C) among the alloy 
samples, it had been thought that the lattice thermal conduc
tivities of their samples might be higher than those of the 
others because annealing could eliminate dislocations. How
ever, after the effect of annealing on the electrical resistivity 
an.d lattice thermal conductivity of binary· alloys had been 
reviewed carefully, it was concluded that the differences are 
too large to be accounted for by annealing. Furth.ermore, 
around liquid helium temperature, the difference between 
the lattice thermal conductivities of their own dilute and con· 
centrated alloys are too large compared with those of other 
measurmements. If their measured total thermal conductivi
ties are connected to the total thermal conductivities above 
300 K measured by other authors, the slopes . of the 
conductivity-temperature curves become negative between 
100 and 300 K for concentrated alloys. This seems unlikely 
for it does not occur in the conductivity-temperature curves 
ofthe. analogous silver-palladium alloys. Recent private com
munication from Klemens [76] provided useful thermal con
ductivity data for a copper alloy with 4 At. % Ni at 
temperatures below 40 K (Cu+Ni curve 103). The sample was 
annealed at 10750 C for 72 hours and slowly cooled. The 
results also indicate that the lattice thermal conductivities of 
Erdmann and Jahoda are too high at temperatures above 
that of the maximum of the lattice component although 
they are in agreement with the results of others at lower 
temperatures. Consequently, the results of Erdmann and 
Jahoda were nul ulSed ill the prelSent data lSynthesis at 
temperatures above that of the lattice component maximum. 

For Ni+Cu alloys, Sager [77] (Ni+Cu curves 1 and 2), 
Smith [451 (Ni+Cu curves 3·6). and Sedstrom 163] (Ni+Cu 
curves 7 and 8) have measured the thermal conductivity 
around room temperature. There is some doubt about the re
ported compositions of their specimens as the electrical resis
tivity data reponed for the same specimens differ from those 
obtained by other authors for alloys with the same nominal 
compositions. 

Greig and Harrison [78] measured the thermal conduc
tivities of nickel alloys with 0.32, 0.6, 1.5, and 4.2 At % Cu 
below 100 K (Ni+Cu curves 9-12). More recently Farrell and 
Greig [79] studied the electrical resistivity and thermal con
ductivity of a ncikel alloy with 0.31 At. % Cn below 100 K 
(Ni+Cu curve 34). They concluded that the lattice thermal 
conductivity of pure nickel is quite high and close to those of 
dilute copper alloys: 

J. Phy •• Chem. Ref. Data, Vol. 7, No.3, 1978 



1042 HO ET AL. 

Chari [80] has suggested a method to separate the lattice 
thermal conductivity from total thermal conductivity of pure 
nickel and dilute nickel-rhenium alloys above 400 K. There is, 
however, doubt concerning his method of graphical separa
tion of electrical resistivity into the instrinsic and magnetic 
components, because the anomaly of the temperature de
pendence of the electrical resistivity of the ferromagnetic 
metals can be· explained by the ferromagnetic ordering of 
metals below the Curie point. Many authors have tried to ex
press the resistivities of the ferromagnetic alloys in the form 
of e=e* (l+/..l), where /..l, the ferromagnetic ordering para
meter, is negative and vanishes above the Curie point [167], 
and e* represents the resistivity of ferromagnetic metal in the 
absence of ferromagnetic ordering. In othet words, e* 
represents the resistivity of the "normal" non-ferromagnetic 
metal. Farrell and Greig [81] indicated that deviations from 
Matthiessen's rule due to spin mixing must be taken into ac
count when analyzing the electronic transport properties of 
nickel alloys. 

In the present data synthesis, the electronic thermal con
ductivities of the alloys were calculated directly from eq (12) 

using the recommended electrical resistivity values from ref. 
[7] and the recommended thermoelectric power values from 
ref. [40]. This analysis does not include spin-disorder scatter
ing in agreement with the treatment by Coles [189]. For those 
alloys for which both the thermal conductivity and electrical 
resistivity had been measured the electronic thermal conduc
tivities were also calculated from eq (12) in order to separate 
the lattice component from the measured total thermal con
ductivity. The resulting "experimental" lattice thermal con
ductivity data at low temperatures were used directly to 
generate the low-temperature lattice conductivity values, and 
those at moderate and high temperatures were used for the 
adjustment of the lattice thermal conductivities of the virtual 
crystals so that the calculated lattice conductivities are in 
agreement with the experimental data. 

At moderate and high temperatures, lattice conductivities 
were calculated from eq (35). As stated previously in section 
2.2, experimental data for k", which are necessary as input for 
eq (35), are available for copper but not for nickel. For cop
per, White [91] reported an experimental value for k"T at 
temperatures above 60 K as 35.0 W cm- t and this value walS 

used in eq (35) for the calculations. The value of k"T for nick
el estimated from the modified Leibfried-Schlomann equa
tion (37) varies considerably depending upon the selected 
value of the Debye temperature used in the calculation, and 
the initial estimates of the value of k"T range from 21 to 31 W 
em-I. A final value of 30.8 W cm-1 was determined by using 
the various values for the calculations of the lattice conduc

tivities and comparing the calculated values with the experi-

J. Phys. Chem. Ref. Data. Vol. 7. No.3. 1978 

mental data as shown in figure 6 and discussed previously in 
section 3. From the two k"T values for copper and nickel the 
k" values of the virtual crystals were estimated and used in eq 
(35) to generate lattice conductivities for all the alloys at 
temperatures above the region of the maximum in kg. 

A graphical comparison of the recommended total thermal 
conductivity values with selected experimental data is given 
in figures 26 and 27. The smooth solid curves in these figures 
were obtained by interpolating the recommended values of 
table II in order to obtain thermal conductivities for the 
desired alloy compositions. For copper-rich alloys shown in 
figure 26, the recommended values are in agreement with the 
data of Smith an·d Palmer [49] (Cu+ Ni curves 1-7), of Bouley 
et al. [76] (Cu+Ni curve 103), of Zimmerman [130] (Cu+Ni 
curves 17 and 20), and of Willett [146] (Cu+Ni curve 99) to 
within 5 %, and with the data of Kierspe [83] (Cu+ Ni curve 
67), of Berman [701 (Cu+Ni curve 21), and .with some of the 
data of Mikryukov [144] (Cu+Ni curves 44 and 72) to within 
12%. For nickel-rich alloys shown in figure 27, at high 
temperatures the recommended values agree with the data of 
Smith [45] (Ni+Cu curves 3-6) and uf Jackisull aIllI Sauudt:H; 

[147] (Ni+Cu curve 20) to within 12%. At low temperatures 
there is conflict between different sets of experimental data 
and the agreement of t.he recommendations with the data is 
less satisfactory. The large difference between the data. of 
Erdmann and Jahoda [74] (Ni+Cu curve 19) and those of 
Greig and Harrison [78] (Ni+Cu curve 9) for an alloy of the 
same composition, for example, illustrates the large discrep
ancies in the results of different investigators. For alloys with 
about 4% copper, the data of Erdmann and Jahoda [74] 
(Ni+Cu curve 18) and of Greig and Harrison [78] (Ni+Cu 
curve II) both agree with the recommendations to within 
10%, but at other solute concentrations, the recommenda
tions receive little direct experimental support. The thermal 
conductivity values in this range are consequently provi
sional. 

The resulting recommended values for k, ke, and kg are 
tabulated in table 11 for 25 alloy compositions covering the 
temperatures from 4 to 1200 K. These values are for alloys 
which have not been severely cold worked or quenched. The 
values for k are also presented in figures 28 and 29. The 
values of residual electrical resistivity for the alloys are also 
given in table 11. The uncertainties of the thermal conductiv
ity values are stated in a footnote to table 11, while the uncer
tainties of the ke and k., values are indicated by their being 
designated as recommended, provisional, or typical values. 
The ranges of uncertainties of recommended, provisional, 
and typical values are less than ±I5%, between ±15 and 
:!:30%, and greater than :!:30%, respectively. 
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TABLE 11. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-NICKEL ALLOY SYSTEMt 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1; Electronic Thermal Conductivity, ke' W cm-1 K-1; Lattice Thermal Conductivity, kg' W cm-1 K-1] 

Cu: 99.500/0 (99.46 At. 0/0) Cu: 99.000/0 (98.92 At.%) 
Ni: 0.500/0 ( 0.54 At. 0/0) Ni: 1. 000/0 ( 1. 08 At. 0/0) 

00 = O. 620 ~Cln Po =1.25 ~ cm 

T k ke kg T k ke 

4 0.176* 0.158 0.0185$ 4 0.0917 0.0782 
6 O. 281'~ 0.236 0.0450* 6 0.150 0.117 
8 0.399':< 0.315 0.0840$ 8 0.218 0.156 

10 O. 525~< 0.394 0.131'1: 10 0.295 0.195 
15 O. 846~< 0.591 0.255$ 15 0.496 0.293 

20 1.14~< 0.788 0.355$ 20 0.684 0.391 
25 1. 38';< 0.945 0.430$ 25 0.840 0.482 
30 1. 59~' 1.11 0.480$ 30 0.978 0.573 
40 1. 92>:< 1. 39 0.535$ 40 1. 20 0.743 
50 2.14':< 1.60 0.545$ 50 1. 36 0.889 

60 2.26':' 1.73 0.535$ 60 1.46 1.00 
70 2.32* 1. 82 0.500$ 70 1.54 1.10 
80 2. 36~~ 1. 89 0.465 80 1.61 1.19 
90 2. 39t~ 1. 96 0.430 90 1. 66'~ 1.27 

100 2.43':< 2.03 0.400 100 1.72':< 1.35 

150 2.64~' 2.35 0.293 150 1.98* 1.70 
200 2.82':< 2.58 0.234 200 2. 20t~ 1.97 
250 2.93>:< 2.74 0.194 250 2.36* 2.17 
273 2.97 2.79 0.179 273 2.41':< 2.24 
300 3.04 2.87 .0.164 300 2.49 2.32 

350 3.10 2.96 0 •. 143 350 2.59 2.45 
400 3.16 3.04 0.126 400 2.68 2.56 
500 3.24':< 3.13 0.102 500 2.80 2.70 
600 3.26>1< 3.18 0.0853 600 2.90 2.81 
700 3.29':< 3.21 0.0734 700 2.96 2.89 

800 3.27>1' 3.21 0.0644 800 2.98 2.92 
900 3.26':< 3.20 0.0574 900 2.98 2.92 

1000 3.22>:' 3.17 0.0517 1000 2.96 2.91 
1100 3.20':' 3.16 0.0471 1100 2.96':< 2.91 
1200 3.16':< 3.12 0.0432 1200 2. 94t,< 2.89 

t Uncertainties in the total thermal conductivity, k, are as follows: 
99. 50 Cu - O. 50 Ni: ± 100/0 below 200 K and ± 50/0 above 200 K. 
99.00 Cu - 1. 00 Ni: ± 100/0 below 200 K and ± 50/0 above 200 K. 
97,00 Cu - 3. 00 Ni: ± 50/0. 
95.00 Cu - 5.00 Ni: ± 50/0. 

:\: Provisional value. 

:\: Typical value. 

kg 

0.0135;\: 
0.0335;\: 
0.0625;\: 
0.100* 
0.203* 

0.293* 
0.358* 
0.405* 
0.460* 
0.470* 

0.465* 
0.445* 
0.420 
0.395 
0.370 

0.281 
0.227 
0.189 
0.175 
0.161 

0.140 
0.124 
0.100 
0.0843 
0.0727 

0.0638 
0.0569 
0.0513 
0.0468 
0.0429 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1100 
1200 

':' In temperature range where no experimental thermal conductivity data are available. 

Cu: 97. JO% (96.76 At. 0/0) Cu: 95.000/0 (94.61 At.%) 
Ni: 3. JO% ( 3.24 At. 0/0) Ni: 5.000/0 ( 5.39 At. 0/0) 

Po =3.70 ~ cm Po = 6.10 ~ em 

k ke kg T k ke k g 

0.0347 0.0264 0.00830 4 0.0215 0.0160 0.00550 
0.0611 0.0396 0.0215 6 0.0391 0.0240 0.0151 
0.0936 0.0528 0.0408 8 0.0616 0.0320 0.0296 
0.132 0.0660 0.0655 10 0.0890 0.0400 0.0490 
0.234 0.0990 0.135 15 0.166 0.0601 0.106 

0.340 0.132 0.208 20 0.250 0.0801 0.170 
0.428 0.164 0.264 25 0.321 0.0999 0.221 
0.498 0.196 0.302 30 0.379 0.120 0.259 
0.599 0.258 0.341 40 0.458 0.158 0.300 
0.666 0.315 0.351 50 0.509 0.195 0.314 

0.715 0.366 0.349 60 0.544 0.231 0.313 
0.755 0.414 0.341 70 0.571 0.264 0.307 
0.790 0.459 0.331 80 0.593 0.296 0.297 
0.823':< 0.504 0.319 90 O. 615"~ 0.328 0.287 
0.854* 0.548 0.306 100 0.634':' 0.358 0.276 
1. 01':< 0.759 0.248 150 0.731>!< 0.505 0.226 
1.15':< 0'.947 0.204 200 0.828';' 0.640 0.188 
1.29';' 1.11 0.172 250 0.922* 0.761 0.160 
1.34>:< 1.18 0.161 273 0.963':< 0.813 0.150 
1.41 1. 26 0.149 300 1. 01 0.872 0.140 

1. 51 1. 38 0.131 350 1. 09 0.972 0.123 
1.61 1.49 0.116 400 1.17 1. 06 0.110 
1.77':< 1. 67 0.0953 500 1. 32 1. 23 0.0911 
1.90>:' 1. 82 0.0807 600 1.45 1. 37 0.0776 
2.01':' 1.94 0.0699 700 1. 56 1.49 0.0675 
2.08>:' 2.02 0.0617 800 1. 65 1. 59 0.0598 
2.14':< 2.09 0.0552 900 1. 72 1.66 0.0536 
2. 18;\: 2.13 0.0499 1000 1. 77 1.72 0.0486 
2. 22~' 2.17 0.0455 1100 1. 82 1. 78 0.0445 
2.23* 2.19 0.0419 1200 1. 86 1. 82 0.0410 
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TABLE 11. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-NICKEL ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1; Electronic Thermal CO::lductivity, ke' W cm-1 K-l; Lattice Thermal Conduetjvity, kg' W em-1 K-l] 

Cu: 90.00% (89.27 At. %) Cu: 85.00% (83.96 At. %) Cu: 80.00% (78.71 At. %) 
Ni: 10.00% (10.73 At.%) Ni: 15.00% (16.04 At.%) Ni: 20.00% (21. 29 At. %) 

Do = 12.15 IJ.O cm Po = 17. 951J!l em °0 = 23.70 ~ cm 

T k ke kg r k k e kg r k ke 

4 0.0112 0.00804 0.00315 4 0.00869**0.00544 0.00325* 4 0.00762* 0.00412 
6 0.0216 0.0121 0.00950 6 0.0170':'* 0.00817 
8 0.0358 0.0161 0.0197 8 O. 0283~'* 0.0109 

10 0.0536 0.0201 0.0335 10 0.0426*:1: 0.0136 
15 0.106 0.0302 0.0760 15 0.0839;"* 0.0204 

20 0.164 0.0402 0.124 20 0.128'~* 0.0272 
25 0.215 0.0502 0.165 25 0.169,:<:1: 0.0339 
30 0.256 0.0601 0.196 30 0.202,:4 0.0407 
40 .0.316 0.0799 0.236 40 0.252,:,:1: 0.0541 
50 0.355 0.0996 0.255 50 0.284,:4 0.0673 

60 0.378 0.118 0.260 60 0.305,:4 0.0802 
70 0.395 0.137 0.258 70 0.317':4 0.0931 
80 0.407 0.155 0.252 80 0.327 0.106 
90 0.416;" 0.174 0.242 90 0.333':' 0.118 

100 0.423~' 0.190 0.233 100 0.339':' .0.130 

150 0.468>:' 0.275 0.193 150 0.363':' 0.189 
200 0.516>:' 0.353 0.163 200 0.392>:' 0~244 
250 0.568':' 0.428 0.141 250 0.427':' 0.299 
273 0.592 0.460 0.132 273 0.444':' 0.323 
300 0.621 0.498 0.124 300 0.464 0.350 

350 0.676 0.566 0.110 :350 0.502 0.400 
400 0.727 0.627 0.0995 400 0.540 0.448 
500 0.831 0.747 0.0833 500 O. 615'~ 0.537 
600 0.930 . 0.859 0.0716 000 0.684':' 0.617 
700 1..01 0.949 0.0628 700 0.753';' 0.694 

800 1.09 1. 03 0.0560 800 0.820;" 0.767 
900 1.16 1.11 0.0505 900 0.879>:'- 0.830 

10DO 1.22 1.18 0.0460 1000 0.937::' 0.894 
1100 1.28* 1. 24 0.0422 1100 0.988"" 0.948 
1200 1. 33--:< 1. 29 0.0390 1200 1.04':< 1. 00 

t Uncertainties in the total thermal conductivity, k. are as follo,ws: 
90.00 Cu - 10.00 Ni: ± 50/0. 

0.00890* 6 0. OU3l 
0.0175* 8 0.0253 
0.0290* 10 0.0373* 
0.0635* 15 0.0725* 

0.101* 20 0.111* 
0.135:1: 25 0.144* 
0.161* 30 0.172* 
0.198* 40 0.215* 
0.217.* 50 0.24~* 

0.225* 60 0.26ft: 
0.224* 70 0.27::* 
0.221 80 0.281 
0.215 90 0.28€* 
0.209 100 0.290';' 

0.174 150 O. 306';~ 
0.148 200 O. 324~< 
0.128 250 0.34E'i' 
0.121 273 0.361 
0.113 ~OO , 0.3n 

0.102 ~50 0.40~ 
0.0922 400 0.432 
0.0778 500 0.491 
0.0673 600 0.54E 
0.0594 700 0.601 

0.0531 EOO 0.654 
0.0481 900 0.708 
0.0439 1000 0.756 
0.0404 1100 O. 804~' 
0.0375 1200 0.851"" 

85.00 Cu - 15.00 Ni: ± 15% below 80 K, ± 10% between 80 and 200 K, and ± 5% above 200 K. 
80.00 Cu - 20.00 Ni: ± 15% below 80 K, ± 10% between 80 and 200 K, and ± 50/0 abov'e 200 K. 
75.00 Cu - 25.00 Ni: ± 15% below 80 K, ± 10% between 80 and 200 K, and ± 50/0 abo've 200 K. 

:f: Provisional value. 

>',c 1n temperature range where no eXperimental thermal conductivity data are available. 

0.00619 
0.00825 
0.0103 
0.0155 

0.0206 
0.0257 
0.0309 
0.0411 
0.0512 

0.0611 
0.0711 
0.0808 
0.0904 
0.0994 

0.144 
0.187 
0.228 
0.247 
0.269 

0.308 
0.345 
0.417 
0.483 
0.544 

0.603 
0.662 
0.714 
0.765 
0.814 

kg 

0.00350* 
0.00910:1: 
0.0170* 
0.0270* 
0.0570* 

0.0900:1= 
0.118* 
0.141* 
0.174* 
0.192* 

0.200* 
0.202* 
0.200* 
0.196 
0.191 

0.162 
0.138 
0.120 
0.113 
0.106 

0.0957 
0.0870 
0.0738 
0.0641 
0.0568 

0.0509 
0.0462 
0.0423 
0.0390 
0.0362 

Cu: 75.00% (73.49 At.%) 
Ni: 25.00% (26.51At.%) 

Po = 29. 30 ~ em 

T k ke kg 

4 0.00724* 0.00334 0.00390* 
6 0.01431,,:1: 0.00500 0.00930:1: 
8 0.0234':<:1: 0.00667 0.0167* 

10 0.0343';'* 0.00834 0.0260* 
15 0.0660,:<:1: 0.0125 0.0535:1: 

20 0.10(** 0.0167 0.0835* 
25 0.12£':'* 0.0209 0.108* 
30 0.152** 0.0251 0.127* 
40 0.18P'''* 0.0334 0.155:1: 
50 0.212':<:1: 0.0416 0.170* 

60 0.230>:<:1: 0.0498 0.180* 
70 0.241>:':1: 0.0579 0.183* 
80 0.24P:< 0.0658 0.182* 
90 0.25:3* 0.0738 0.179 

100 0.257* 0.0808 0.176 

150 0.27C* 0.117 0.153 
200 0.283"'< 0.152 0.131 
250 0.30C';' 0.186 0.114 
273 0.309* 0.201 0.108 
300 0.32C* 0.218 0.101 

250 O. 341~'c 0.249 0.0913 
400 0.364"" 0.281 0.0832 
500 0.412* 0.341 0.0708 
EOO 0.462';< 0.400 0.0617 
700 O. 511~< 0.456 0.0548 

EOO 0.557* 0.508 0.0493 
900 0.601"" 0.556 0.0448 

1000 0.642* 0.601 0.0411 
1100 O. 68~"'< 0.645 0.0379 
1200 O. 72~* 0.688 0.0352 
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TABLE 11. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-NICKEL ALLOY S'!STEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal Conductivity, k , W cm-1 K-l; Lattice Thermal Conductivity, k , W cm-1 K-l] 
e. g 

Cu: 70.00% (68.31 At. %) Cu: 6f.00% (63.18At.%) Cu: 60.00% (58.09 At. %) 
Ni: 30.00% (31. 69 At. %) Ni: 35.00% (36. 82 At.%) Ni: 40.00% (41.91 At.%) 

Po = 34.90 ~ em Po = 40.05,.,.n cm Po =45.00 ",0 cm 

T k ke k g T k ke kg T k ke 

4 0.00720* 0.00280 0.00440; 4 
0.010~* 

0.00'149':'* O. 00244 0.00505* 4 0.00797* 0.00217 
6 0.0142* 0.00420 6 0.0145':<* 0.00366 0.0108* 6. 0.0152* 
8 0.0231* 0.00560 0.0175* 8 0.0232':<* 0.00488 0.0183* 8 0.0238* 

10 0.0335* 0.00700 0.0265* 10 O. 0331~"* 0.00610 0.0270* 10 0.0334* 
15 0.0620:\: 0.0105 0.0515:\: 15 0.06U2':<:\: 0.00915 0.0510* 15 0.0536* 

20 0.0930* 0.0140 0.079('* 20 0.08'17':<* 0.0122 0.0755* 20 0.0839* 
25 0.118* 0.0175 0.100~ 25 O.IH':':\: 0.0154 0.0950* 25 0.104* 
30 0.139* 0.0210 0.118~ 30 0.128':'* 0.0185 0.110* 30 0.12L* 
40 0.170:\: 0.0280 0.142~ 40 0.15'1,:<:1= 0.0246 0.132* 40 0.147* . 
50 0.192* 0.0349 0.157~ 50 0.17'1>:4 0.0307 0.146* 50 0.164* 

60 0.207* 0.0418 0.165:1: 60 0.191':':\: 0.0367 0.154* 60 0.17,* 
70 0.217* 0.0486 0.168~ 70 0.19S':':!: 0.0428 0.156.*' 70 0.185* 
80 0.223 0.0554 0.168:1 80 0.206"" 0.0488 0.157* 80 0.192* 
90 O. 228~' 0.0621 0.166 90 0.211* 0.0547 0.156 90 0.196 

100 0.232>:' 0.0679 0.164 100 0.21~>:< 0.0598 0.154 100 0.20()* 

150 0.243* 0.0991 0.144 150 O. 225~" 0.0871 0.138 150 0.212::' 
200 0.255::' 0.129 0.125 200 0.235>:< 0.113 0.122 200 0.22L* 
250 0.268':' 0.158 0.110 250 0.246* 0.139 0.107 250 0.23l':< 
273 0.275>:' 0.171 0.104 273 0.252"" 0.151 0.101 273 O. 237~,c 
300 0.284 0.186 0.0977 300 0.260':' 0.165 0.0950 300 0.244 

350 0.302 0.214 0.08S1 350 0.276':< 0.190 0.0858 350 0.25, 
400 0.322 0.241 O.OSO~ 400 0.293"" 0.215 0.0783 400 0.274 
500 0.363 0.294 0.0686 500 0.330"" 0.263 0.0669 500 0.309 
600 0.407 0.347 0.0599 tOO 0.368':' 0.310 0.0585 600 0.347 
700 0.450 0.397 0.0532 '100 0.4<r8* 0.356 0.0521 700 0.384 

800 0.491 0.443 0.0480 800 0.446':' 0.399 0.0470 800 0.419 
900 0.531 0.488 0.0437 900 0.480>:' 0.438 0.0428 900 0.453 

1000 0.568 0.528 0.0401 lCOO 0.515"" 0.475 0.0393 1000 0.485 
1100 0.604::' 0.566 0.0371 1100 0.548':< 0.512 0.0364 1100 0.517 
1200 0.640':' 0.605 0.0345 1200 0.581':< 0.548 0.0339 1200 0.547 

t Uncertainties in the total thermal conductivity, k, are as follows: 
70.00 Cu - 30.00 Ni: :i: 150/0 below SO K, :i: 10% between 80 and 200 K, and:i: 50/0 above 200 K. 
65.00 Cu - 35.00 Ni: :i: 150/0 below 80 K, :i: 10% between 80 and 200 K, and ± 50/0 above 200 K. 
60.00 Cu - 40.00 Ni: ± 150/0 ")elow 90 K, ± 10% between 90 ~nd 200 K, and ± 5% above 200 K. 
55.00 Cu - 45.00 Ni: :i: 15% below 80 K, ± 10% between 80 and 200 K, and ± 5% above 200 K. 

* Provisional value. 

* In temperature range where no experimental thermal conductivity data are available. 

0.00326 
O.OOf34 
0.00543 
0.00814 

0.0109 
0.0137 
0.0164 
0.0219 
0.0274 

0.0329 
0.0383 
0.0437 
0.0491 
0.0536 

0.0786 
0.103 
0.127 
0.138 
0.15: 

0.174 
0.198 
0.244 
0.289 
0.333 

0.373 
0.411 
0.447 
0.4S1 
0.514 

kg 

0.00580* 
0.0119* 
0.0195* 
0.02~0* 
0.0505* 

0.07:30* 
0.0geO* 
0.105* 
0.125* 
0.13'1* 

0.145* 
0.14'1* 
0.148* 
0.14'1* 
0.14€ 

0.133 
0.118 
0.104 
0.0989 
0.0931 

0.0842 
0.07€9 
0.0657 
0.0575 
0.05]2 

0.04€2· 
0.0421 
0.0387 
0.0359 
0.0334 

Cu: 55.00% (53.04 At. %) 
Ni: 45.00% (46.96 At. %) 

Po = 46.60 IJO cm 

T k ke kg 

4 0.00900**0.00210 0.00690* 
6 O. 0166~'* 0.00315 0.0134* 
8 O. 0253~'* 0.00419 0.0211* 

10 0.0347""* 0.00524 0.0295* 
15 0.0589** 0.00786 0.0510* 

20 0.0820':'* 0.0105 0.0715* 
25 0.101* 0.0129* 0.0885* 
30 0.118* 0.0155* 0.102* 
40 0.142* 0.0206* 0.121* 
50 0.159* 0.0257* 0.133* 

60 0.170* 0.0308* 0.139* 
70 0.178* 0.0359* 0.142* 
80 0.184 0.0409 0.143 
90 0.189 0.0459 0.143 

100 0.192 0.0502 0.142 

150 0.204 0.0738 0.130 
200 0.213 0.0968 0.116 
250 0.222 0.119 0.103 
273 0.227 0.129 0.0976 
300 0.233 0.141 0.0919 

350 0.246 0.163 0.0831 
400 0.261::' 0.185 0.0759 
500 0.295>:< 0.230 0.0649 
600 0.332"" 0.275 0.0569 
700 0.370::< 0.319 0.0507 

800 0.404':' 0.358 0.0457 
900 0.437':' 0.395 0.0417 

1000 0.469':< 0.431 0.0383 
1100 0.501':' 0.466 0.0355 
1200 0.533':' 0.500 0.0331 
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TABLE 11. RECOMMENDED 'IHERMAL CONDUCTIVITY OF CDPPER-NICKEL ALLOY SYSTEM {continued)t 

[Temperature, T, K; Thermal Conductivity, :{. W cm-1 K-l; Electronic Thermal Conductivity, ke' W cm-1 K-1; Lattice Thermal Conductivity', kg' W em·1 K-l] 

Cu: 50.0010 (48.02 At. %) Cu: 45.00% (43.05 At. %) eu: 40.00% (39.12 At. %) 
Ni: 50.0010 (51. 98 At. %) Ni: 55.00% (56.95 At. %) Ni: 60.00% (61.88 At.%) 

Po = 40.30 ,u.Ocm Po = 35. 85 ,un cm 00 = 31. 60 ,un em 

T k ke kg T k ke k g T k k kg e 

4 0.0107* 0.00243 0.00825* 4 0.0120** 0.00273 0.00930* 4 0.0131':'* 0.00309 0.0100* 
6 0.0186* 0.00364 0.0150* 6 0.0202** 0.00409 0.0161* 6 O. 0216'~* 0.00464 0.0170* 
8 0.0274* 0.00485 0.0226* 8 0.0292** 0.00545 0.0237* 8 0.0307':'* 0.00619 0.0245* 

10 0.0371* 0.00606 0.0310* 10 0.0385** 0.00682 0.0317* 10 0.0402** 0.00773 0.0325* 
15 0.0606:1: 0.00909 0.0515* 15 0.0617** 0.0102 0.0515* 15 O. 0631~"* 0.0116 0.0515* 

20 0.0831* 0.0121 0.0710* 20 0.0842** 0.0137 0.0705* 20 0.0860~'* 0.0155 0.0705* 
25 0.101* 0.0144* 0.0870; 25 0.102** 0.0163* 0.0860* 25 0.105':4 0.0188* 0.0860* 
30 0.117* 0.0171* 0.0995 30 0.1l8~'* 0.0194* 0.0990* 30 0.121'~* 0.0224* 0.0990* 
40 0.139* 0.0223* 0.117* 40 0.143>:'* 0.0255* 0.117* 40 0.147'~* 0.0294* 0.118* 
50 0.156* 0.0275* 0.128* 50 0.159>:'* 0.0312* 0.128:1=, 50 0.166':'* 0.0361* 0.130* 

60 0.167* 0.0324* 0.135* 60 0.172** 0.0368* 0.135* 60 0.180':':\: 0.0425* 0.137* 
70 0.175* 0.0373* 0.138* 70 0.181** 0.0421* 0.139* 70 0.190>:,:1: 0.0487* 0.141* 
80 0.182 0.0421* 0.140 80 0.188>:'* 0.0469* 0.141* 80 0.198 0.0545:1: 0.143* 
90 0.187~' 0.0468* 0.140 90 0.194>:,:1: 0.0522* 0.142* 90 O. 204~'* 0.0600* 0.144* 

100 0.190':' 0.0507* 0.139 100 0.197~'<* 0.0562* 0.141* 100 0.208':':1= 0.0645:1= 0.143* 

150 0.201':< 0.0729 0.128 150 0.209** 0.0775* 0.131* 150 0.219':':1: 0.0866* 0.132:1: 
200 0.208':' 0.0944 0.114 200 0.214'" 0.0969 0.117 200 0.223':':1: 0.105* 0.118 
250 0.217>:' 0.115 0.102 250 0.219>!< 0.116 0.102 250 0.224':' 0.121 0.103 
273 0.221':' 0.124 0.0970 273 0.222>:' 0.125 0.0970 273 0.228 0.130 0.0976 
300 0.227 0.135 0.0913 300 0.227* 0.136 0.0913 300 0.232 0.140 0.0919 

350 0.239 0.156 0.0826 350 0.239* 0.156 0.0825 350 0.243 0.160 0.0830 
400 0.254>:< 0.178 0.0754 400 0.252':' 0.177 0.0754 400 0.255 0.179 0.0758 
500 0.287':' 0.222 0.0645 500 0.284* 0.220 0.0644 500 0.284 0.219 0.0647 
600 0.323>!' 0.266 0.0565 600 0.319* 0.263 0.0564 600 0.318 0.262 0.0566 

'700 0.361* 0.311 0.0503 700 0.357"" 0.307 0.0502 700 0.356 0.306 0.0504 

800 0.396>:' 0.350 0.0454 800 0.392* 0.347 0.0453 800 0.391 0.345 0.0454 
900 0.429~" 0.388 0.414 900 0.426>:' 0.385 0.0413 900 0.424 0.383 0.0414 

1000 0.462>:' 0.424 0.0381 1000 O. 459~'< 0.421 0.0380 1000 0.458 0.420 0.0380 
1100 0.493~" 0.458 0.0353 1100 0.491* 0.456 0.0352 1100 O. 491'~ 0.456 0.0352 
1200 0.525* 0.492 0.0328 1200 0.522* 0.489 0.0327 1200 0.525"" 0.493 0.0328 

t Uncertainties ;n the total thermal conductivity, k, are as follows: 
50.00 Cu - 50.00 Ni: ± 150/0 below 20 K, :!: 20% between. 20 and 100 K, ± 10% between 100 and 200 K, and ± 5% above 200 K. 
45.00 Cu - 55.00 Ni: ± 15% below 20 K, ± 20% betwee;:} 20 and 150 K, and ± 10% above L50 K. 
40.00 Cu - 60.00 Ni: ±15% below 20 K, ±20% betweeJ. 20 and 200 K, and ± 10% above 200 K. 
35.00 Cu - 65.00 Ni: ± 10% below 20 K, ± 20% between 20 and 250 K, and ± 10% above 250 K. 

* Provisional value. 

* In temperature range where no experimental thermal conductivity data are available. 

eu: 35.00% (33.22 At. %) 
Ni: 65.00% (66.78At,%) 

Po = 27. 65 ,un em 

T k k k 
e g 

4' 0.0138 0.00353 0.0103 
6 0.0228 0.00530 0.0175 
8 0.0321 0.00707 0.025.1 

10 0.0418 0.00884 0.0330 
15 0.0658 0.0133 0.0525 

20 0.0882 0.0177 i). 0705 
25 0.108* 0.0216* 0.0865 
30 0.126* 0.0257* 0.100 
40 0.154* 0.0339*, 0.120 
50 0.174* 0.0417* 1).132 

60 0.189* 0.0491* 1).140 
70 0.201':4 0.0562* 1).145 
80 0.210':':1= 0.0630* 0.147 
90 0.217':'* 0.0694* 1).148 

100 0.222':'* 0.0745* 1).147 

150 0.235>:'* 0.0986* 1).136 
200 0.237':'* 0.117* 1).120 
250 0.237':<* 0.132* 0.105 
273 0.237':' 0.138 1).0989 
300 0.240':' 0.147 0.0930 

350 0.250':' 0.166 1).0840 
400 0.261':' 0.185 1).0766 
500 0.289':' 0:223 1).0654 
600 0.322':' 0.265 '),0571 
700 0.360':' 0.309 0.0508 

800 0.394':< 0.349 D.0457 
900 0.428':' 0.386 1).0416 

1000 0.461':' 0.423 1).0382 
1100 0.49'5':' 0.460 1).0354 
1200 0.528':' 0.495 0.0329 
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TABLE 11. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-NICKEL ALLOY SYSTEM (continued) t 

{Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal Conductivity, l<.e' W cm-1 K-l; LattiDe Thermal Conductivity, kg' W cm-1 K-1j 

Cu: 30.00% (28.37 At. %) Cu: 25.00% (23.55 At. %) Cu: 20.00% (1~.76 At.%) 
Ni: 70.00% (71. 63 At. %) Ni: 75.00% (76.45 At. %) Ni: 80.00% (81. 24 At. %) 

Po = 23.70 IJD em Po = 19. 80 ~ cm 00 = 16.00 Io£Ocm 

T k ke kg T k ke kg T k k e 

4 O. 0144~'* 0.00412 0.0103* 4 0.0148'~* 0.00494 0.00985* 4 0.0153** 0.00611 
6 O. 0237'~* 0.006U 0.0175;1:. 6 0.0238':'* 0.00740 0.0164* 6 0.0244':'* 0.00916 
8 O. 0334'~* 0.00825 0.0251* 8 0.0338:'* 0.00987 O. 0236~ 8 0.0339':<* 0.0122 

10 0.0433** 0.0103 0.0330* 10 0.0433':'* 0.0123 O. 0310~ 10 0.043e:<* 0.0153 
15 0.0670>' .. * 0.0155 0.0515* 15 O. 067~* 0.0185 0.0490* 15 0.06.89""* 0.0229 

20 0.0896""* 0.0206 0.0690* 20 O. 0917~'* 0.0247 0.0670$ 20 0.095E':'* 0.0305 
25 0.110~'* 0.0254:: 0.0845* 25 0.114~'* 0.0303* 0.0835$ 25 0.120':4 0.0375* 
30 0.128""* 0.0303! 0.0980* 30 0.135** 0.0362* 0.0985$ 30 0.144':4 0.0449* 
40 0.159':<* 0.0400~ 0.119* 40 0.169** 0.0477* 0.121$ 40 0.182>:4 0.0590* 
50 0.180"4 0.0492- 0.131* 50 0.195':'* 0.0586* 0.136$ 50 O. 212'~* 0.0725* 
60 0.198'~* 0.0580== 0.140* 60 0.214>:'* 0.0691* 0.14:5$ 60 0.236>:'* 0.0855* 
70 0.213** 0.0665:: 0.146* 70 0.230':'* 0.0792* 0.151$ 70 O. 255'~* 0.0977* 
80 0.223':<* 0.0744:1: 0.149* 80 0.242** 0.0884* 0.154$ 80 0.270~ 0.109* 
90 0.232** O. 0818~ 0.150*. 90 O. 252~'* 0.0972* 0.155$ 90 O. 284'~* 0.120* 

100 O. 237'~* 0.0877~ 0.149* 100 0.258,:4 0.104* 0.154$ 100 0.293>:4 0.129* 

f50 O. 253~'* 0.116* 0.137* 150 0.281':<* 0.138* 0.143$ 150 0.320,:4 0.169* 
200 0.256** 0.134* 0.122* 200 0.287'):* 0.161* 0.126* 200 0.330':'* 0.198* 
250 0.257':'* 0.150* 0.107* 250 0.286':'* 0.176* 0.110* 250 O. 332~'* 0.217* 
273 0.257""* 0.156* 0.101* 273 0.285,:4 0.181* 0.104* 273 0.331~ 0.223* 
300 0.257* 0.162* 0.0949* 300 0.285* 0.187* 0.0977::: 300 0.3304 0.228* 
350 0.261 0.175 0.0856* 350 0.283* 0.195* 0.0880* 350 ~ 0.325:t 0.234* 
400 0.272 0.194 0.0780* 400 0.286':' 0.206 0.0800* 400 0.320* 0.237* 
500 0.298 0.232 0.0664* 500 0.313>;' 0.245 0.0679== 500 0.333 0.263 
600 0.331 0.273 0.0579* 600 0.347':' 0.288 0.0591 ::: 600 0.367 0.306 
700 0.369 0.318 0.0514* 700 0.388"" 0.335 0.0524* 700 0.411 0.357 
800 0.404>:' 0.357 0.0463* 800 0.422>:' 0.375 0.0471* 800 0.445 0.397 
900 0.438>:' 0.396 0.0421* 900 0.456'): 0.413 0.0427* 900 0.478 0.435 

1000 0.472':' 0.433 0.0386* 1000 0.489':' 0.450 0.0391:': 1000 0.511':' 0.471 
1100 0.506':' 0.470 0.0357* 1100 0.521':' 0.485 0.0361* 1100 0.542':' 0.505 
1200 0.538>!' 0.505 0.0331* 1200 0.552'): 0.518 0.0335* 1200 0.572':' 0.538 

t Uncertainties in the total. thermal conductivity, k, are as follows: 
30.00 Cu - 70.00 Ni: ± 15% below 20 K, ± 20% between 20 and 300 K, and ± 10% above 300 K. 
25.00 Cu - 75.00 Ni: ± 150/0 below 20 K, ± 20% between 20 and 350 K, and ± 14% above 350 K. 
20.00 Cu - 80.00 Ni: ± 15% below 20 K, ± 20% between 20 and 400 K, and ± 14% above 400 K. 
15.00 Cu - 85.00 Ni: ± 15% below 20 K, ± 20% between 20 and 400 K, and ± 14% above 400 K. 

* P:'ovisional value. 

$ T'/pical value. 

,.~ In temperature range where no experimental thermal conductivity data are ::.vailable. 

k g 

0.0092" 
0.0152~ 
0.0217$ 
0.0285$ 
0.0460$ 

0.0650$ 
0.0820$ 
0.0990$ 
0.123$ 
0.139$ 

0.150$ 
0.157$ 
0.161$ 
0.164$ 
0.164$ 

0.151$ 
0.132* 
0.115* 
0.108* 
0.102* 

0.0913* 
0.0829* 
0.0701~ 
O. 0608~ 
O. 0537~ 

O. 0481~ 
0.0436~ 
0.0399* 
O. 0367~ 
O. 0341 ~ 

Cu: 15.00% (14.02 At.%) 
Ni: 85.00% (85.98 At. %) 

Po = 11.90 J,LO cm 

T k k kg e 

4 0.0162* 0.00822 0.00800$ 
6 0.0258* 0.0122 0.0135$ 
8 0.0359* 0.0164 0.0195$ 

10 0.0465* 0.0205 0.0260$ 
15 0.0738* 0.0308 0.0430$ 

20 0.103* 0.0411 0.0615$ 
25 0.130* O. 050~* 0.0800$ 
30 0.157* 0.0597* 0.0970$ 
40 0.203* 0.0783* 0.125$ 
50 0.2.39* 0.0958:1: 0.143$ 

60 0.268,:<:1= 0.1134 0.155* 
70 0.292,:,:1: 0.1284 0.164$ 
80 0.312* 0.1424 0.170$ 
90 0.328':<:1: 0.1564 0.172$ 

100 0.340':'* 0.167:t. 0.173$ 

150 0.373':'* 0.214* 0.159$ 
200 0.387':'* 0.2474 0.140* 
250 0.388':C* 0.267~ 0.122* 
273 0.388* 0.273~ 0.114* 
300 0.388* 0.2804 0.107* 

350 0.381* 0.285:t 0.0959* 
400 O. 373~'* 0.287:t 0.0868* 
500 0.359':' 0.286 0.0730* 
600 0.397':' 0.334 0.0630* 
700 0.445':' 0.389 0.0555* 

800 0.479':' 0.429 0.0495* 
900 0.510':' 0.465 0.0448* 

1000 0.539':' 0.498 0.0408* 
1100 0.567':' . 0.529 0.0376* 
1200 0.595':' 0.560 0.0348* 
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TABLE 11. RECOMMENDED THERMAL COND"CCTIVITYOF COPPER-NICKEL ALLOY SYSTEM (continued) t 
{Temperature, T. K; TherroalConductivity. k. W cm-1 K-l; Electronic ThermalCooductivity, ke' W cm-1 K"l; Lattice Thermal Conductivity, kg' VI cm-t K-l] 

Cu: 1[}.00% ( 9.31 At. %) Ou: 5.00% ( 4.64 At. 0/0) Cu: 3.00% ( 2.78 At. %) 
Ni :9G. 00% (90.69 At. %) Ni :95.00% (95.36 At. %) Ni: 97.00% (97.22 At. %) 

Po = 8.00 ,.,n cm Po = 4. 100 IJOcm Po = 2.400 '.,.n cm 

T k ke k T k g k kg T k k e e 

4 0.0188* 0.0122 0.00660* 4 0.0279* 0.0238 0.00410* 4 0.0481~~* 0.0407 
0.0438* 6 0.O3)9:\: 0.0183 0 •. 0116* 6 0.0358 0.00000* 6 O. 0741~~* 0.0611 

8 0.0415* 0.024:4 0.0171$ '8 0.0604* 0.0477 0.0127$ 8 0.101~<* 
10 0.0536* 0.0305 0.0231$ 10 0.0778* 0.0596 0.0182* 10 0.12&:'* 
15 O.OS51:\: 0.0458 0.0393$ 15 0.123* 0.0894 0.0337* 15 0.198':<* 

20 0.118* 0.0611 * 0.0570* 20 0.171* 0.119 0.0515* 20 0.269~'* 
25 0.150* 0.0752* 0.0750* 25 0.217* 0.146* 0.0705* 25 0.329** 
30 0.183* 0.0896* 0.0930* 30 0.264* 0.173* 0.0910* 30 O. 397~<* 
40 0.242* 0.11'i'* 0 •. 125* 40 0.354* 0.22~* 0.130* 40 O. 516~'* 
50 0.293* 0.143* 0.150* 50 0.433* 0.268* 0.165:1: 50 0.613** 

60 0.331*:1: 0.165* 0.166$ 60 0.497* 0.306* 0.191* 60 0.688~'* 
70 0.365*:1: 0.187* 0.178$ 70 0.543* 0.337* 0.206* 70 O. 734~'* 
80 0.390* 0.204:* 0.186* 80 0.578* 0.362* 0.216$ 80 0.765':<* 
90 0.411** 0.22l* 0.190* 90 0.599** 0.378* 0.221* 90 O. 784~'* 

100 0.426"~:I= 0.234* 0.192$ 100 0.614** o. 3~H* 0.223* 100 O. 786~'* 

150 0.465"'<* 0.28'7* 0.178* 150 o. 642'~* 0.436* 0.206$ 150 O. 779~~* 
200 0.474** 0.322* 0.152* 200 0.637** 0.463* 0.174* 200 0.743':':1: 
250 0.473** 0.342* 0.131:1: 250 O. 623'~* 0.476* 0.147* 250 0.717':'* 
273 0.472** O. 34~* 0.123* 273 0.616,:,:1: 0.478* 0.137* 273 0.704':'* 
300 0.471 * '0.356* 0.115* 300 0.608* 0.48:* 0.127* 300 0.692t.':1= 

350 0.4E9:f: 0.356* 0.103* 350 0 •. 591* 0.479* 0.112* 350 0.665':'* 
400 O.447"~* 0.355* 0.0923* 400 0.566*:1= 0.466:f: 0.100* .too o. 635~'* 
500 0.419* 0.342* 0.0770* 500 O. 523~ 0.44:* 0.0826* 500 0.581':<* 
600 0.437 0.37l 0.0660* 600 0.494 0.424 0.0702* 600 O. 527~<* 
700 0.486"'< 0.423 0.0578* 700 0.547* 0.486 0.0610* '700 O. 581~< 

800 0.520':' 0.469 0.0514* 800 0.579>:' 0.525 0.0539* 300 0.611* 
900 0.550':< 0.503 0.0463* 900 O. 607'~ 0.559 0.0483* 900 0.638';' 

1000 0.578* 0.536 0.0421* 1000' 0.635* 0.59~ 0.0437* 1000 0.662~< 
1100 O. 606"~ 0.568 0.0386* 1100 0.661';' 0.62: 0.0400* 1100 0.687':< 
1200 0.6::2* 0.596 0.0357* 1200 0.686':< 0.649 0.0368* 1200 0.710':' 

t Uncertainties in the total thermal conductivity, k, are as follows: 
10.00 Cu - 90.0U Ni: ± 20% below 20 K. ±250/obetween 20 and 500.K, and ± 150/0 above 500 K. 

5.00 Cu - 95.0u Ni: ± 20% below 20 K, ± 25% between 20 and 500 K, and ± 150/0 above 500 K. 
3.00 eu - 97-: OU Ni: ± 20% below 20 K, ±25% between 20 and 600 K,and ± 15% above 600 K. 
1. 00 Cu - 99.0u Ni: ± 20% below 20 K, ± 250/0 between 20 and 600 K, and ± 15% above 600 K. 

~ Provisional value. 

$ Typical value. 

':( In temperature range where no experimental thermal conductiv:ty data are available. 

0.0814 
0.102 
0.153 

0.204 
0.242* 
0.287* 
0.363* 
0.424* 

0.473* 
0.504* 
0.524* 
0.537* 
0.536* 

0.554* 
0.557* 
0.561:1: 
0.559* 
0.558* 

0.547* 
0.530* 
0.495* 
0.455* 
0.518 

0.556 
0.588 
0.618 
0.646 
0.672 

kg 

0.00740$ 
0.0130* 
0.0192$ 
0.0260* 
0.0445* 

0.0650$ 
0.0870* 
0.110$ 
0.153$ 
0.189$ 

0.215* 
0.230$ 
0.241*' 
0.247$ 
0.250* 

0.225* 
0.186* 
0.156* 
0.145* 
0.134* 

0.118* 
0.105* 
0.0855* 
0.0723* 
0.0626* 

0.0551* 
0.0493* 
0.0445* 
0.0406* 
0.0373* 

Cu: 1.00% ( 0.!l2At.%) 
Ni: 99.00%(99.08 At. %) 

Do = 0.900 ~ cm 

r k ke k 
g 

4 0.12~* 0.109 0.0140$ 
6 O.lSEl:!: 0.163 0.0233$ 
8 0~25C* 0.217 0.0330* 

10 0.314* 0.271 0.0433* 
15 0.477* 0.407 0.0695* 

20 0.63S* 0.543 0.0960* 
25 0.771'* 0.649~ 0.122$ 
30 0.89C* 0.742t. 0.148* 
40 1. 07 4 O. 875~ 0.195* 
50 1.19~ O. 952~ 0.235* 

60 1.21~ 0.949* 0.265* 
70 1. 21~ 0.924* 0.283* 
80 1.19'4 0.899* 0.293* 
90 1.164 0.866* 0.295* 

100 1.11:t O. 823~ 0.290* 

150 0.99:3** 0.74fl= 0.252* 
~OO 0.90C*:f. O. 698~ 0.202* 
~50 O. 838~'* 0.670* 0.168* 
~73 0.81E>:<* 0.663* 0.155* 
300 0.801** 0.658* 0.143* 

350 0.764':4 0.640* 0.124* 
400 O. 724~~* 0.615* 0.110* 
500 0.655,;,:1= 0.566* 0.0890* 
600 0.598** 0.523* 0.0747* 
'i00 0.61p:< 0.555 '0.0643* 

800 0.643;'< 0.587 0.0565* 
£00 0.66P:< 0.618 0.0503* 

1000 O. 69~~' 0.646 0.0454* 
1100 O. 715'~ 0.673 0.0413* 
1200 0.73€':' 0.698 0.0379* 
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TABLE 11. RECOMMENDED THERMAL CONDUCTIVITY OF COPPEE-NICKEL ALLOY -SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1; Electronic Thermal C~nductivity, k , Wcm-1 K-1; Lattice Thermal Conductivity, k , W cm-1 K-1] e g 

Cu: 0..50.% ( 0..46 At. %) 
Ni: 99.50.0/0 (99.54: At. %) 

Po = 0..50.0. ,."ocm 

'1' k ke kg 

4 0..212* 0..195 0..0.170.* 
6 0..321* 0..293 0..0.278* 
8 0..430.* 0..391 0..0.390.* 

10. 0..540.* 0..489 .0..0.510* 
15 0..813* 0. .• 733 0..0.80.0.* 

20. 1.0.9* 0..977 0..110.* 
25 1.31* 1.17* 0..140.* 
3D 1.46·* 1:29* 0..170.* 
40. 1.62* 1.40.* ·0..220.* 
50. 1.64* 1.38* 0..260.* 

60. 1.62* 1. 33* 0..290.* 
70. 1.56* 1.25* 0..30.8: 
80. 1.45* 1.13* 0..318 
90. 1.36* 1.0.4* 0..320.* 

100. 1.29* D.969~ 0..318* 

150. 1. 0.6~~* 0.:796~ 0..263* 
2"00. 0..954** D. 745~ 0..20.9* 
250. 0..888"4 0..717~ 0..171* 
273 0.860.** 0..70.1~ 0..158* 
300. 0..837""* 0..6924 0..145:1: 

350. 0..79·3** D.667~ 0..126* 
400. 0..752** D.641~ 0..111* 
500. .D.679"~* 0..589~ 0..0.899* 
600. 0..618,:<:1: 0..543~ 0..0.753* 
700. .0..629* 0..564. 0..0.648* 

800. 0..653* 0..596 0..0.569* 
900. 0.; 678* 0..627 0..0.50.6* 

10.00. 0..70.0.* 0..654 0..0.456* 
1100. 0..724* 0..682 0..0.415* 
1200. 0..747* 0..70.9 0..0.381* 

1'. Uncertainties in the total thermal conductivity, k, are. as follows: 
0..50. Cu - 99.50. Ni: ± 20.0/0 below 20. K,± 25% between 20. and 60.0.K, and ± 15% above 600 K. 

* Provisional value. 

* 'Typical value. 

* III temperature range where no experimental thermal conductivity data are available. 
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<II r TABLE 12. THERMAL CONDUCTIVITY OF COPPEE + NICKEL ALLOYS -- SPECIM3N CHARACTERIZATION AND lI'[EASUREMENT INFORMATION 01 j 

"l 
r 
~ 

Name and Composition f Method Temp. Cur. Ref. Author(s) Year Specimen (weight percent) Composition (continuEd), Specifications, and Remarks ICI Used Range,K l No. No. resignation Cu Ni 
;:, 
2 1 49 Smith, C. S. and 1935 L 293,473 Bar 107 99.73 0.28 0.03 Mg and 0.01 Fe; specimen 0.75 in. in diameter and 8 in. long; supplied ;-

Palmer, E. W. by American Brass Co.; cold-rolled, annealed, and cold-drawn; annealed <: 
at 800 C for 2 hr; electrical conductivity 45.70 and 29.11:x 104 0- 1 cm- 1 

~ 
:'" at 20 and 200 C, respectively. 

Z 2 49 Smith, C. S. and 1935 L 293,473 Bar 108 99.47 0.54 0.04 Mg and 0.02 Fe; similar to the above specimen except electrical 
~ Palmer, E. W. conductivity 39.94 and 26.86 x 1()4 0- 1 cm- 1 at 20 and 200 C, 
~ respectively. 
-0 3 49 Smith, C. S. and 1935 L 293,473 Bar 109 97.94 1. 97 0.04 Mg and 0.02 Fe; similar to the above specimen except annealed at ..... 
I» Palmer, E.W. 800 C for 4 hr; electrical conductivity 22.71 and 17. 58 x 104 (}'"1 cm- t 

at 20 and 200 C, respecUvely. 

4 49 Smith, C. S. and 1935 L 293,473 Bar 110 94.92 5.09 0.03 Mg and 0.01 Fe; similar to the above specimen except electrical 
Palmer, E.W. conductivity 12.39 and 10.64 x 1()4 0- 1 cm:- i at 20 and 200 C, 

respectively. 

5 49 Smith, C. S. and 1935 L 293,473 Bar 111 89.90 10.07 0.03 Mg, 0.024 C, and 0.02 Fe; similar to the above specimen except 
Palmer, E.W. electrical conductivity 7.07 and 6.46 x 104 0- 1 cm-1 at 20 and 200 C, 

respectively. 

49 Smith, C. S. and 1935 L 293,473 Bar 125 84.85 15.07 0.05 Fe, 0.03 Mn. and 0.01 Mg; similar to the above specimen except ~ 6 0 Palmer. E.W. electrical conductivity 5.094 and 4.795 x 104 0-1 cm- 1 at 20 and 200 C, 
respectively. Fa 

-t 
7 49 Smith, C. S. and 1935 L 293,473 Bar 124 69.54 30.23 0.13 Mn, 0.05 Fe, and 0.05 Mg; similar to the above specimen except » Palmer, E.W. electrical conductivity 2.754 and 2.730 x 104 0-1 em-1 at 20 and 200 C, !'"' 

respectively. 

8 68 Zavaritskii, N. V. 1956 L 2.3-108 Rt:ssian cupro 81. 0 19.0 Specimen in strip form cut from a 6 x 5 mm tube; measured in helium. 
and Zeldovich, A. G. nickel NM-81; 7 

9 68 Zavaritskii, N. V. 1956 L 2.5-76 Rcssian cupro 81. 0 19.0 The above specimen: annealej at 800 C; measured in helium. 
and Zeldovieh, A. G. nickel NM-81; 6 

10 77 Sager, G. F. 1930 P 321-984 ~79.8 20.0 O. 2 Mn and trace Mg; ,.....0.25 em in diameter and,.....3. 5 cm lon~; chill cast, 
hot rolled and cold drawn; annealed at 700 C for 12 hr; electrical con-
ductivity3.54, 3.46, 3.3::, 3.21, 3.12, and 3.02 x 10" 0-1 cm- 1 at48, 
150, 315, 462, 575, and 711 C, respectively. 

11 77 Sager. G. F. 1930 P 335-991 ~59.8 40.0 Similar to the above specimen except electrical conductivity 1. 99. 1. 99. 
1.9? and1.92x 104 0-1 cm- 1 at 62, 266,510, and 717 C, respectively. 

12 127 Barratt, T. 1914 F 273-373 Eureka 60.0 40.0 0.0995 em diameter and 40. ( cm long; electrical resistivity 1,5. 90 and 
45.87 J.L 0 cm at 0 and 100 C, respectively. 

13 128 Gruneisen. E. and 1927 L 21.83 Cu 11 99.0 1.0 7 cm long and O. 1 to 0.3 cm wide; drawn; electrical resistivity 2.97, 1.60, 
Goens, E. and 1. 295·J.L0 em at 0, -:-190, and -252 C, respectively. 

14 71 Wilkinson, K. R. 1949 L 10-20 Ol.pro-nickel 70 30 4.1 mm in O.D •• 2.5 mm inI.D., and 21 mm long; suppUedby Yorkshire 
and Wilks, J. Copper Works Ltd.; cold-worked. 

15 69 Hulm, J.K. 1951 L .1. 9-22 80 20 Average grain size 0.011 nun. 

16 129 Jaeger, W. and 1900 E 291,375 Constantan 60 40 1. 996 cm diameter and 27 cm long; density 8.92 g em- 3 at 18 C; electrical 
Diesselhorst, H. conductivity 2.04 and 2.0::7 x 10" 0";"1 cm.-1 at 18 and 100 C, 

respectively. 



TABLE 12. THERMAL CONDUCTIVITY OF COPPER + NICKEL ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Method Temp. Name and Composition 
Cur. Ref. Author(s) Year . S]::ecimen (weight percent) Composition (continued), Specifications, and Remarks 
No. No. Used Range,K Designation eu Ni 

17 130, Zimmerman, J. E .. 1951 L 3.3-7~ CN 1 90 10 Cylindrical specimen 0.125 in. in diameter; machined from a forged bar; 
176 electrical resistivity 12.50,12.72, ar.d 14.68 /.LO cm at 19.7,78.9, 

and 296 K, respectively. 

18 130, Zimmerman, J. E. 1951 L 3.0-77 CN 2 90 10 Cylindrical specimen 0.125 in. in diameter; cold-worked by rolling from 
176 0.25 in. thick to 0.14 in. before being machined to size; electrical -t 

:::t 
resist:vity 12.65 and 14.69 /.LO em at 76.2 and 296 K, respectively. m 

::a 
19 130, Zimmerman, J. E. 1951 L 3.6-7!i CN 3 90 10 Cylindrical specimen 0.125 in. in diameter; severely cold-worked; rolled ~ 

176 from 0.5 in. 2 cross section to 0.22 x 0.24 in. before machining; elec- > 
trical resistivity 12.63 and 14.65 /.LO em at 78.7 and 298 K, respectively. r-

130, Zimmerman, J.E. 1951 L 3.4-7~ CN4 90 10 Single crystal; cylindrical specimen 0.125 in. in diameter; electrical n 20 0 176 resist:vity 13.0, 13.10, and 15.04 /.L(2 cm at 20.5, 79.3, and 298 K, Z 
respectively. 0 

C 21 70 Berman, R. 1951 L 3.0-9] COJ.stantan 60 40 317 36 gauge wires bound and soldered together at ends; electrical resistivity n 
44.3, 45.3, and 52.7 /.LO cn at 20, 90, and 290 K, respectively. -t 

< 22 47 Hanson, D. and 19:32 L 438.2 Bal. 0.78 Prepared from high grade electrolytic Cu with traces of impurities; 6.5 in. :::j 
Rodgers, C. E. long a:ld 0.5 in. in diameter; annealed at 900 C. < 

23 47 Hanson, D. and 19:32 L 438.2 Bal. 1. 57 Similar t,) the above specimen. 0 
Rodgers, C.E. ." 

24 47 Hanson, D. and 19:32 L 438.2 Bal. 2.76 Similar t) the above specimen. !! 
Rodgers, C. E. Z 

> 25 47 Hanson, D. and 19:32 L 438.2 Bal. 4.9 Similar b the above specimen. ::a 
Rodgers, C.E. < 

26 45 Smith, A.W. 1925 L 330.2 50 50 ",5 cm lmg with cross section 0.3 cm2; made from Cll. « 0.03 of total > r-
impurity) supplied by Baker by fusingwith Ni (99;75 to 99.85 pure r-

0 including cobalt) supplied by International Nickel Co. of America; < electrical conductivity 1. 98 x 10" 0-1 cm- 1 at 25 C. 
If) 

27 45 Smith, A.W. 1925 L 330.2 60 40 Similar b the above specimen except electrical conductivity 2. 04 x 104 < 
If) 

'0 0- 1 cm- 1 at 25 C. -t :r m 
~ 28 45 Smith, A.W. 1925 L 330.2 70 30 Similar to the above specimen except electrical conductivity 2.48 x 104 ~ 
"" 0-1 cm-1 at 25 C. If) 
:r 
D 

29 45 Smith, A.W. 1925 L 330.2 90 10 Similar to the above specimen except electrical conductivity 3.49 x 104 3 
110 0-1 cm- i at 25 C. 
!. 30 131 Ellis, W. C., Morgan, 1928 P 305.2 Advance 55 45 0.25 cmiiameter atld 35 cm long; density 8.78 g cm- 3; electrical conduc-
j F. L. and Sager, F.G. tivity 2.023 x 104 0-1 cm- 1 at 32 C; thermal conductivity value calculated 2 

r from measured thermal diffusivity, specific heat capacity, and density. 
c:: 31 132 Silverman, L. 1953 C 323-1174 Lohm 93.4 6.05 0.01 Mn and 0.01 Si; annealed at 900 C; advance used as comparative ~ 

material . .., 
Z 32 133 Powers, R.W., 1951 L 26-295 Cotlstantan 55 45 No details given. 
) Ziegler, J. B. and 
~ Johnston,H. L. 

D 0 .., en » ..... 
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Method Temp. Name and Composition 
Cur. Ref. Author(s) Year Specimen (weight percent) Composition (continue,i) , Specifications, and Remarks 
No. No. Used Range.K D.esignation Cu Ni 

33 63 Sedstrom, E. 1919 T 273,373 89.94 10.06 Calculated composition;r.olled and drawn to 1 mm thick; heated 0.5 hr 
closet.o melting P.oint; electricalconcuctivity 6.2 and 6.1 x 10' 0- 1 cm- 1 

atO and 100 Co :espectively. 

34 63 Sedstrl5m, E. 1919 T 273,373 79.90 20.10 Similar to the ab.ove specimen except electrical conductivity 3.5 and 3.3 x 
W' 0-1 cru-1 at 0 and 100 C, respectively. 

35 63 Sedstrom, E. 1919 T 273,373 60.02 39.98 Similar to the ab.ovespecimen except electrical conductivity 2.0 and 2.0 x 
104 .0-1 cm-1 .at 0 and 100 C, respectively. 

36 134 A oyama , S. and 1940 L 78.2 8 29.89 0.03 Mn, 0.03 Fe, and traceEof .other· impurities; prepared from electr.o-
Ito, ·T. lytic Ni (containing 0.53 Co, 0.05 Fe; andO. 02 AI) and electr.olytic 

Cu(c1)ntaining 0.015 Sb, 0.01 Fe, 0.007 S, and trace .of p) by fusing; 
4. OOmm in diameter. and 60. Ommlong;electrical resistivity 40.3 j.I. n 
cm at -195 C. 

37 134 Aoyama, S. and 1940 L 78.2 9 19.83 0.04 Mn, O. 02 Fe, and traces.of other imp;trities; the same .original 
It.o, T. materials an.d dimensions a:s the above specimen; electrical resistivity 

27.1 j.lO cm at -195 C. 

38 134 A.oyama, S. and 1940 L 78.2 10 13.84 0.11 Fe and trace Mn; the same original materials and dimensi.ons as the 
It.o, T. ab.ove specimen;,,,electrical reSistivity 17.6 j.l.0 cm at -195 C. 

::z:: 
39 134 Aoyama, S. and 1940 L 78.2 11 9.47 0.14 Fe, traces ofMn and otter impurities; the same .original materials 0 

It.o, T. and dimensions as the above specimen; electrical resistivity 11.9 j.l.0 m 
em at -195 C. -t 

40 134 Aoyama, .s. and 1940 L 78.2 12 3,;67 0.09 Fe and traces of either impurities; the same original materials and ~ 
Ito, T. dimensi.ons as the above specimen; electrical resistivity .3 .43j.1.0 cm r-

at -195 C. 
41 134 Aoyama, S. and 1940 L 78 .• 2 13 98.94 1. 03 0; 03 Fe and traces of other impurities; the same original materials and 

Ito, T. dimensions as the ab.ove specimen; electrical resistivity 1. 039j.1.0 cm 
at -195 C. 

42 135 GrUheisen, E. 1900 L 291.2 54 46 Density ,.89 gcm-3; .e-lectricalconductiv:ity 1. 99 x 105 0- 1 cm- 1 at 18 C. 

43 144 Miktyukov, V. E. 1957 336-825 99.05 0.70 n.lBe and 0.15 Cc;electrical conductivity 25.8,23.1,20.4,18.25,16.5, 
15.67, and 14.33 xla' 0-lcm-1 at 63.0, 114.6, 195, 273, 375.8, 
433.5, and 551. 3 C, respectively. 

44 136 Miktyukov, V. E. 1957 333-HilO Bal. 0.90 0.10 Be and 0.10Zr;·electrical resistivity 3.34,3.85,4.33,5.21,5.78, 
6.33, 7.05,and8.14,.,.Ocm at 59.4,115.6,171.5, 291.6, 365.6, 
457,534.5, and626.5C, :espectively. 

·45 136 Miktyukov, V. E. 1957 336-947 Bal. 0.80 0.20 Ti;electricalresistiVity4.25, 4.8.3,5.56,6.01,6.46,6.57,7.18, 
7.28, 7.66,8.93, and 9.78 j.l.0 cm at 62.8, 130.9, 217.5,290.6, 
462.5, 440.3, 5S0. 3,538.3, 674.3, .618.0, and 673.6 C,respectively. 

46 136 Miktyuk.ov, V. E. 1957 345-923 Bal. 0.55 0.17 Zr; electricalre.sistivity 3.45,4.13,4.43,5.10,5.32,5.78,6.20, 
6.'83,7.20, and 8.07 ~Ocm.at71.8, 158.7,201.0,291.0,331.0, 
401.4, 473.6, 534.5, 575.0, and-649,5 C, respectively. 

47 137 Chubb, W.F. 1938 L 273-4)3 Bal. 0.204 ~O.0790;specimen 50.6 cm long. 

48 137 Chubb, W.F. 1938 L 273-4)3 Bal. 0.303 ~0.079 0; specimen 50.6 cm long. 

49 137 Chubb, W.F. 1938 L 273-4)3 Bal. 0.508 ~0.079 0; specimen 50.6 cm Long. 
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Method· remp. Name and Composition 
Cur. Ref. Author(s) Year Specimen (weight percent) Compos-ition (continued), Specifications, and Remarks 
No. No. Used Range,K Designation Cu Ni 

5C 137 Chubb, W. F. 1938 L 273-403 Bal. 0.303 0.0042 Fe, 0.0014Pb, trace Sn andZnj specimen 50.6 cmlong. 

51 137 Chubb,. W. F. 1938 L 27.3-403 Bal. 0.508 RlO.022 0; specimen50~6 em long .. 

52 74 3:rdmann, J. C. and 1968 L 4.2-7.0 Cu 98 2 .. 29 Single crystalj 6.0-7.5 mm diameter and.12 .cm long; prepared by electron 
Jahoda, J.A., beam floatzoningj supplied by Mater.ials Research, Corp. ;.residual 

electrical resistivity 2.17 Iot0,cm; measured in .. a vacuum of 10-6 mm Hg. 

3.:rdmann, J. C. and 1968 L 4.2-51 Gu 96 4.05 Similar.. to the. above specimen except residual electrical. resistivity 4. 95 -4 5:: 74 :J: 
J ahoda, J. A. Iot°cm. m 

;10 

54 74 E.:rdmann, J. C. and 1968 L 4.2-71 Cu91 9.30 0.025' AI; polycrystallinej 5.0 mm in diameter'and 10 em longjvacuum 3:. 
lahoda, J. A. cast ingot hammer forged, hot rolled to IS nun diameter and rough > 

turned, the rough swaged to 10 nun in diameter, then machined to size; r-

annealed at 930 G for 24hr in the argon furnaee and allowed to cool n 
slowly; residual electrical resistivity 11.22 IotO cmj measured: iria 0 

Z vacuum of 10-6 mm Hg. 0 
55 74 E.:r dma:nn , J. C. and 1968 L 4.2-54 Cu 72. 27.96 O. 023 Ali similar to the above spec imen except residual electrical C 

n J ahoda, J .A. resistivity 33.38 ,.,..0 cm. -4 

56 138 Kummer, D. L., 1965 C 498-849 Constantan, ",,60 ...... 40 Thermocouple gradej 1 in. diameter and 1 in. thick; Armco iron used as <: 
Rosenthal, J. J. and No. 103 comparative material .. =t 

-< Lum; D.W., 
0 57 138 Kummer,. D. L •• et ale 1965 C 539-906 Constantan, ",,60 ...... 40 2.5 in. O.D., 0.75 in. 'I~D., and 3 in. long. 'TI 

No. 103 
2! 

5E 139 Carroll, J .M. 1964 G 492-850 Constantan; ",,60 ...... 40 Thermocouplegradej 1 in. in diameter. and 1 in. longj Armco iron used as Z 
Specimen No •. 1 comparative material. > 

513* 139 Carroll, J.M. 1964 C 499-850 
;10 

Constantan; ...... 60 ,....40 Similar to the above' spec imen. -< 
Specimen No.2 > 

6e 139 Carroll, J.M. 1964 R 6.93-1044 Constantan; ...... 60 ..... 40 Thermocouple grade; 0.25 in.!. D., 1 in. O. D., and 1 in. long. r-
r-

Specimen No •. 1 0 
-< 

61 139 Carroll, J.M. 1964 R 622-1175 Constantanj ",60 ...... 40 Similar to the above .specimen. 
(/) - Specimen No.3 

"V -< 
(/) :r 6:: 73 Erdmann, J. C. and 1964 L 4.2 Ko Bal. ,...,.40 Polycrystallinei wir~' specimen 1. 35 to 1.45 'mm in diameter and 125 rom -4 ~ Jahoda, J,A. long; obtained from International Nickel Co.; vacuum cast· ingot hammer m 

n 
forged; hot rolled to 18.5 nun diameter, rough turned, cold rolled to· 3: :r (/) 

CI) 6 nun diameter and. drawn to 1.5 mm diameter, cut; annealed at 1000 C 
~ for 24 hr, slowly cooled in the :furnace over a p.eriod of 6 hr, electro-
:Ja 

polished; electrical'resistivity 42.3 IJ.0 cm at 4.2 K. ~ 
c 63 73 Erdmann,. J. C. and 1964 L 4.2 666 Bal. 9.3 0.025 AI; polycrystalline; same dimensions·, supplier, and fabrication a 

J ahoda,J. A. method as the above specimen; electrical resistivity 10. 94 ~O cm at j2 
< 4.2 K. 

?- 64 73 Erdmann, J. C •. and 1964 L 4.2 664 Bal. 4.74 <0.1 each-of Fe, Mg, and Mn, and 0.043 AI; polycrystalline; same 
:-- J ahoda, J. A. dimensions, supplier, and fabrication method as the above specimen; 
Z electrical resistivity 7. 04 lot ° cm at 4.2 K. 
!l 
~ 65 73 Erdmann, I.. C. and 1964 L 4.2 868 Bal. 1. 96 Polycrystalline; same dimensions,. supplier, and fabrication method. as .the 

..0 
J ahoda, J. A . above specimen; electrical resistivity 2.17 Iot0 cm at4. 2 K. 

" * N)t shown in figure. <=) 
CD (,It 

..0 
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II> Name and Composition 
~ Cur. Ref. Author(s) Year 

Method Temp. Specimen (weight percent) Composition (continued), Specifications, a:ld Remarks 
;:II:) No. No. Used RanS'e,K 
~ Designation Cu Ni 

0 
Er:imann, J. C. and 1968 L 4.6-78 Cu72 Ni28 72 28 Polycrystallinej 1.35 to 1.45 mm in diameter and 130 mm long; obtained a 66 140 

? Jahoda, J. A. from International Nickel Co., Inc.; vacuum,cast ingot hammer forged, 
< hot-:c-olled to 18.5 mrp. diameter, rocgh turned, cold-rolled to 6 mm 
~ diameter and drawn to 1.5 mm diameter, cut, . annealed in argon atmos-
~ phere at 1000 C for 24 hr, slOWly cooled in the furnace over a period of 
Z 6 hr, electropolished;'grain size 50 to 200 11. !l 
~ 67 83 Kierspe, W. 1967 L 293.2 1. 85 Cylindrical specimen: electrical resistivity 2.2466; 2.2492, 2.2521, 2.2662, 

-0 2.2993, 2.3492, 2.4812, 2.5802, 2.7301, 2.8818, 3.0326, 3.1811, ..., 3.3266,3.4710, 3.6146, 3.7563,3.3972, and 3.9674110. cm at 4.2, CD 
10, 20, 30, 40, 50, 7.0, 83, 103, 12:3, 143, 163, 183, 203, 223; 243, 
263, and 273 K, respectively. 

68 72, Er:imann, J. C. and 1962 E 4.2 Constantan 60 40 Commercial alloy; about 1 to 3 mm in diameter and about 100 mm long; 
141 Jahoda, J. A. annealed: measured in different stra:.n conditions. 

69 132 Silverman, L. 1953 C 323.;,1173 Advance 54.79 44.04 L 20 M:l, 0.035 C, and 0.003 Si; cylind:ical bar s;lecimen; annealed at 
900 C; lead used as comparative material; smoothed values 
repcrted. 

70 142 Zlunitsyn, S. and 1939 L 18-290 Cupronickel 77.44 20.48 1. 99 Zn; 4. 97mm O.D., 4.16 mm I.D., and 87 mm long. 
Savel!ev, LV. :J: 

0 
71 144, Mikryukov, V. E. 1957 E 321-1002 99.03 0.60 0.27 Z1 and 0.1 Pj electrical conductivity 36.70, 32.15, 27.61, 24.70, m 145 21.70,19.34, 17.54,15.80,.14.56,13.36,12.64, and 11.38 x 104 .... 

0-1 cm-1 at47.3, 94~0, 155.5, 211.0, 283.5,354.3,432.1,493.8, l> 560.5, 616.3, 655.1, and 729.0 C, respectively. =-72 144, Miln-yukov, V. E. 1957 E 334-884 98.99 0.60 0.26 Z1' and 0.15 Sn; electrical conductivity 32.00, 28.95, 24.82, 22.12, 
145 20.71,18.47,17.43,16.23, and15.00xl04 0- 1 cm-1 at 61.0, 106.5, 

193.0,281.5,331.3,442.0,482.0,544.0, and 611.0 C, respectively. 
73 136 Mikryukov, V. E • 1957 E 336-948 99.0 0.80 0.20 Ti; electrical conductivity 23.50,20.50,17.97,16.65,15.48,15.20, 

14.91,13.72,11.20, and 10.22x1040- 1 cm- 1 at62.8, 130.9, 217.5, 
290.6, 362.5,440.3, 538.3, 580.3,618.0, and 673.6 C, respectively. 

74 136 Mikryukov, V. E. 1957 E 329-774 98.35 0.40 0.25 Pj electrical conductivity 19.96, 18.60, 17.35, 15.44, 16.22, and 
13.40 x 104 0- 1 cm- 1 at 56.0, 118.8, 201. 0, 316.0, 422.0, and 500.5 C, 
respectively. 

75 136 Mi;u.yukov, V. E. 1957 E 370-920 98.50 1. 20 0.30 Si; electrical conductivity 15.02, ]4.20, 13.87,12.25,11.86,12.65, 
13.13,11.35,9.11, and 8.06 x 104 Q-1 cm-1 a; 96.6,135.6,184.8, 
279.0,333.1,413.0,429.0,493.3,570.0, and 646.6 C, respectively. 

76 136 MLu-yukov, V. E. 1957 E 331-815 98.73 0.80 0.33 Zr and 0.14 Be; electrical conductivity 25.70, 23.10, 22.00, 19.85, 
17.30, 15.60, 14.60, and 13.05 x 10' 0- 1 cm- 1 at 58.0, 123.0, 136.0, 
195.8, 290.3, 405.6, 493.0, and 542. 0 C, respectively. 

77 136 MLu-yukov, V. E . 1957 E 333-910 98.53 1.0 0.33 Z1' and 0.14 Be; electrical conductivity 24.65, 22.00, 19.35, 17.13, 
16.20,15.32,12.75, and11.35x104o.- 1 cm:- 1 at60.0, 117.0,195.8, 
282.0,354.3,442.0,544.8, and 637.0 C, respectively. 

78 136 Miayukov, V.E. 1957 E 326-974 99.13 0.62 0.25 Z1'; electrical conductivity 29.3,24.7,21.1,18.4,17.2,16.8,14.8, 
12.9, and 11:7 x 104 0-1 cm:- 1 at 52.6,131.5,225.4,325.3,403.8, 
435.9, 533.9, 635.7, and 701.1 C, respectively. 



TABLE 12. THERMAL CONDUCTIVITY OF COPPER + NICKEL ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Method Te:np. Name and Composition 
Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K Designation Cu Ni 

79 136 Mikryukov, V. E. 1957 E 333-855 49.3 0.28 0.24 Zr and 0.18 Be; electrical conductivity 26.10, 22 •. 90,19.50, 17.46, 
15.30, 14.34, 13.40, and 12.12 x 104 0- 1 cm- 1 at 59.8, 119.5, 216.8, 
302.6,383.0,455.1,522.0, and 581.6 C, respectively. 

80 134 A oyama , S. and 1940 L 78.2 6 Bal. 49.45 O~ 26 Co, 0.06 Fe, 0.05 Mn, 0.01 Al, 0.008 Sb, 0.004 S, and trace Pb 
Ito, T. (calculated composition); electri~al resistivity 54.9 J.l.0 cm. 

81 134 Aoyama, S. and 1940 L 78.2 7 Bal. 39.6 0.21 Co, 0.07 Fe, 0.02 Mn, 0.009 Sb, 0.008 Al, O. 004 S, and trace Pb 
Ito, T. (calculated composition); electrical resistivity 51.4 J,J.O cm. 

82~' 143 Fairbank, H. A. and 1960 L 0.28-4.0 Olpronickel 69;60 30.0 0.40 Fe; nominal composition; suppliec by Anaconda; drawn into 0.0622 in. 
Lee, D.M. O.D. and 0.0567 in. IoD. -I 

J: 
83 Mikryukov, V. Yeo 1958 E 340-827 Bal. 0.7 0.15 Co, 0.15 Fe, 0.1 Be, and 0.1 C; electrical resistivity 3.99, 4.29, 

m 
143 ::a 

5.01,5.60,5.98,6.37,3.93,7.55, and9.32J,J.Ocmat65, 115, 196, ~ 
275, 380, 440, 511, 589, and 700 C, respectively. > 

~ 

84 73 Erdmann, J. C. and 1964 L 4.2 667 .Bal. 27.96 <1.0 ea.ch Mn, Ms, Fe, and O. 023 Al; polycrystalline; wire specimen 1.35 n Jahoda, J. A. to 1. 45 mm indiameter and 125 mm long; obtained from International 0 
Nickel Co.; vacuum cast ingot hamner forged, hot rolled to 18.5 mm Z 
diameter, rough turned, cold rolled to 6 mm diameter and drawn to 0 
1. 5 mm diameter, cut; annealed at 1000 C for 24 hr, cooled slowly in C 

n the furnace over a period of 6 hr, eiectropolished; electrical resistivity -I 
32.3 J,J.O cm at4.2 K. <: 

85 49 Smith, C. S. and 1935 L 293,473 Bar 39 79.68 19.79 0.30 Mn and 0.23 Fe; 0.75 in. diametEr and 8 in. long; cold-rolled to 1. 25 ::::j 

Palmer, E.W. in. in diamete:', annealed, cold-drawn to size; heat-treated at 800 C; < 
electrical conductivity 3.755 and 3. t300 x 104 0-1 cm-1 at 20 and 200 C, 0 
respectively. 'T1 

86 49 Smith, C. S. and 1935 L 293,473 Bar 66 96.05 3.01 0.88 Si and 0.04 Fe; 0.75 in. diameter and 8 in. long; cold-rolled to 1. 25 '" Palmer, E.W. in. in diamete:', annealed, cold-drawn to size; heat-treated at 870 C Z 
for 3 hr, quenched; elect:'ical conductivity 9.775 and 9.140 x 104 0- 1 » 

;la 
cm-1 at 20 and 200 C, respectively. < 

87 49 Smith, C. S. and 1935 L 293,473 Bar 66A Simila:- to the above specimen except reheated after quenching at 500 C for » 
Palmer, E.W. 2 hI; electrical conductivity 20.69 and 16.38 x 104 0- 1 cm- 1 at 20 and r-

r-
200 C, respec:ively. 0 

< ~ 88 49 Smith, C. S. and :935 L 293,473 Bar 66B Simila:- to the above specim3n bar 66 (Curve No. 86) except cooled slowly 
" Palmer, E.W. after heat-treatment at 870 C; electrical conductivity 22.60 and 17.34 x 

~ 
::r < '< 10" 0-1 cm- 1 at 20 and 200 C, respectively. ~ !" -I n 89 Materials in DeSign 1959 29:::.2 Cupro-nickel 68.9 30 0.6 Mn and 0.5 Fe; nominal compositi:m; denSity 8.94 g cm- 3; electrical m 
::r 123 ~ co Engineering resistivity 37i,LO cm at :;0 C. F1 ~ 

;II:! 90 123 Materials in Design 1959 29:::.2 Cupro-nickel 88.35 10 1. 25 Fe and 0.4 Mn; nominal composition; density 8.94 g cm- 3; electrical 
~ Engineering resistivity 15 LLO cm at :;0 C. 
0 

91 Willett, R. E. 1968 C 378-463 Copper-Nickel 88.08 10.07 1.18 Fe, 0.67 Mn, < 0.10 Zn, and < 0.02 Pb; annealed at 750 C and cooled a 146 
l2 :706) alloy by ,vaterfall spray at the exit end oj the furnace; Armco iron used as 
< comparative material; equilibrium 1. 
~ 

92 Willett, R. E. 1968 C 701-969 Copper.,. Nickel The above specimen; equilibrium 2. :...a 146 
Z :706) alloy 
0 

93 Willett, R. E. 1968 146 
~ 

C 388-466 Copper-Nickel 
(706) alloy 

The a1::ove specimen; equilibrium 3. 

..0 * Not shown in figure. 
""" 00 

0 
00-
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eD 

94 146 

95 146 

96 146 

97 146 

98 . 146 

99 146 

100 146 

101 146 

102 146 

103 76 

]04 76 

TABLE 12. THERMAL CONDUCTIVITY OF COPPER + NICKEL ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATIO~ (continued) 

Author(s) Year 

Willett, R. E. 1968 

Willett, R. E. 1968 

Willett, R. E. 1968 

Willett, R. E. 1968 

Willett, R. E. 1968 

Willett, R. E. 1968 

Willett, R. E. 1968 

Willett, R. E. 1968 

Willett, R. E. 1968 

Bouley, A., Linz, 3,., 1974 
Kluffky, R., Damon, 
D. H., and Mohan, N. S. 

Bouley, A., et ale 1974 

Method 
Used 

C 

C 

C 

C 

C 

C 

C 

C 

C 

Temp. 
Range,K 

447-558 

557-738 

391-686 

377-1017 

382-1020 

406-927 

365-949 

385-948 

380-991 

1i-40 

10-41 

Name and 
Specimen 

Designation 

Composition 
(weight percent) 

Cu Ni 

Copper-Nickel 88.08 10.07 
(706) alloy 

Copper-Nickel 
(706) alloy 

Copper-Nickel 
(706) alloy 

Copper-Nickel 
(706) alloy 

Copper-Nickel 7'i. 75 20.67 
(710) alloy 

Copper-Nickel 
(715) alloy; 1 

6E.33 30.72 

Copper-Nickel 
(715) alloy; 2 

6L29 30.57 

Copper-Nickel 6~.40 29.94 
(715) alloy 

Copper-Nickel 6E.60 29.94 
(715) alloy 

3.71 

Composition (continued), Specifications, and Remarks 

1.18 Fe, 0.611 Mn, < 0.10 Zn, and <0.02 Pbj the above specimenj 
equilibrium 4. 

The above specimen: equilibrium 5. 

Similar to the above specimen except annealed at 750 C :or 1 hr and water 
quenched. 

Similar to the above speCimen except annealed at 750 C for 1 hr ani! furnace 
cooled. 

0.81 Fe, 0.55 Mn, 0.20 Zn, 0.01 Pb, and 0.017 C; annealed at 750 C and 
cooled by waterfall spray at the exit end of the furnace: Armco iron 
used as comparative material. 

0.53 Fe, 0.41 Mn, < 0.10 Zn, 0.026 C, and <0.005 Pb; annealed at 650 C 
and cooled by waterfcl.l spray at the exit end of the furnace; Armco iron 
used as comparative material. 

0.59 Mn, 0.51 Fe, 0.36 C, <0.10 Zn, and 0.005 Pb; similar to the above 
specimen except annealed at 750 C. 

0.62 Fe, 0.50 Zn, 0.46 Mn, 0.063 C, and 0.010 Pb: similar to the above 
specimen. 

0.61 Fe, 0.48 Mn, 0.30 Zn, 0.059 C, and 0.007 Pb; similar to the above 
specimen except annealed at 1000 C and water quenched. 

Calculated composition from atomic percent; annealed at 1075 ± 5 C for 72 
hrs and Slowly cooled afterwards in 18 hrs; residual electrical resistivity 
reported as 4. 92 IJ.O em. 

3.71 Calculated composition from atomic percent; heavily swaged; residual e1ec .. 
trical resistivity reported as 4. 54 IJ.O cm. 

Q 
0-
lio.) 

:J: o 
m 
-t 

> : 



TABLE 13. THERMAL CONDUCTIVITY OF NICKEL + COPPER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Cur. Ref. Method Temp. Name and Compos:tion 
Author(s) Year Specimen (weight percent) Composition (continue c) , SpeCifications, and Remarks 

No. No. Used Range,K Designation . Ni Cu 

1 77 Sager, G. F. 1930 P 325-970 60 40 0.2 Mn and O. 17 Mg; 2 mm diameter and 35 cm long; prepared from Mond 
nickel by fusing, chill-casting, hot-rolling, and cold-draWing; annealed 
at 70C C for 12 hr; density 8. 81g cm-3; electrical conductivity 1. 88, 
1. 86, 1. 85, 1. 82, 1. 81, 1. 78, 1. 76, 1. 75, and 1. 72 x 104 a-1 cm-1 at 

~ 26, 133, 204, 386, 467, 580, 642, 690, and 756 C, respectively; thermal 1: 
conductivity values calculated from measured thermal diffusivity, specific m 
heat capacity, and density. :lID 

~ 
2 77 Sager, G. F. 1930 P 317-966 80 20 Similar to above except density 8.82 g cm-3 and electrical conductivity 3.60, ;I> 

3.06,2.90,2.72,2.67,2.48,2.40,2.33,2.27,2.22, 2.17, 2.12, r-

2.04, 1. 97, and 1. 92 x 104 0-1 cm-1 at 26, 76, 91, 126, 131, 164, 184, n 
231, 291, 331, 396, 451, 546, 668, and 744 C, respectively. 0 

Z 
3 45 Smith, A. W. 1925 L 330 80 20 Prepared by fusing Ni (99.75 to 99.85 pure); supplied by International 0 

Nickel Co" and 99.97+ pure Cu, supplied by Baker; ,,-,5. 5 em long and C 
0.3 cm2 in cross-sectional area; electrical conductivity 3.00 x 104 0-1 n 

~ 
cm-1 at 25 C. <:: 

4 45 Smith, A. W. 1925 L 330 70 30 Similar to the above specimen except electrical conductivity 2.17 x 1040-1 =t 
cm-1 at 25 C. < 

5 45 Smith, A. W. 1925 L 330 60 40 Similar to the above specimen except electrical conductivity 2. 02 x 104rr1 0 
" cm-1 at 25 C. 
IP 

6 45 Smith, A. W. 1925 L 330 50 50 Similar to the above specimen except electrical conductivity 1. 98 x 104~r1 Z 
cm-i at 25 C. ;I> 

:lID 
7 63 Sedstrom, E. 1919 T 273,373 60.93 39.07 Rolled alld drawn; annealed at close to melting point for O. 5 hr. < 
8 63 Sedstrom, E. 1919 T 273,373 81. 63 18.37 Similar 10 the above specimen. » , r-
9 78 Greig, D. and 1965 E 1. 6-111 C 0.65 Cylindrical specimen, 4 mm in diameter; calculated composition from atomic r-

0 
Harrison, J. P. composition; supplied by Johnson Matthey and Co. ; chill cast from < 

'-
J.M. 890 Ni and J.M. 30 eu; annealed at 850 C for 12 hr; small grains; 

II) 

" 
very fine grain boundaries; electrical resistivities are estimated from < 
reported Lorenz number L and thermal conductivity k as O. 504, O. 594, V) 

~ ~ 
~ 0.582, 0.625, 0.622, 0.636, 0.638, 0.684, 0.664, O. 679, 0.685, m 
n 0.669, 0.688, 0.707, 0.694:, 0.709, 0.736, 0.738, O. 764, O. 793, 0.809, ~ 
~ and 0,830 pn cm at 1. 6, 2.5, 4.4, 6.4, 8.3, 10.3, 12.3, 14.9, 16.3, 

II) 
It 

? 17.9, 19.7, 20.3, 22.2, 24.4, 25.6, 29.8, 32.2, 35.1, 37.4, 40.6, 
:IQ 42. 5, and 45. 3 K, respectively. 
~ 10 78 Greig, D. and 1965 E 1. 6-107 D 1. 62 Similar 10 the above specimen; long grains running in one direction, very 0 
a Harrison, J. P. thick ~o. 05 mm) grain bOt.ndaries; electrical resistivities are esti-; matec from reported Lorenz number L and thermal conductivity k as 
< 0.96'3, 1. 006, 1. 115, 1.290, 1. 299, 1. 356, 1. 441, 1. 327, 1. 445, 
~ 1.425,1.468,1.407,1.471,1.447,1.513,1.551,1.626,1.813, 
.:"'I 2.097, 2.297, and 2.623 !.to cm at 1..6, 2.4, 5.2, 7.6, 10.2, 12. 5, 15.1, 
Z 16.2, 18. 9, 20.7, 22.8, 25.7, 30.5, 35.3, 40.2, 45.4, 50.4, 60.3, 
~ 80.4, 90.2, and 101. 7 K, respectively. 
~ 

-0 

""'" 
0 
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::r "" ~ THERMAL CONDUCTIVITY OF NICKEL + COPPER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFDRMATION (continued) 
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TABLE 13. 
n 
::r 
III 

~ Name and Composition 
::v Cur. Ref. Author(s) Year 

Method Temp. 
S~ecimen (weight percent) Composition (continuec), Specifications, and Remarks ~ No. No. Used Range,K Designation Ni Cu 0 

:) 

;-
11 78 Greig, D. and 1935 E 2.3-82.1 E 4.53 Similar 10 the above specimen; various sizes of grain; various thickness of 

c::: Harrison, J. P. grain boundaries; electrical resistivities are estimated from reported 
?. Lorer:z number L and thermal conductivity k as 2. 997, 4.318, 3. 344, ... 3,337, 3.804, 3.757, 3.703, 3.912, 5.096, 4.963, 4.422, 4.276, 4.261, 
Z 4.166, 4.268, 4.366, 4.211, 4.190, 4. 096, 4.129, 4.288, 4.808, 4.929 ) 

pn cm at 2.3, 3,2, 4.6, 6.5, 8.6, 10.6, 12. 5, 14.4, 15.4, 16.3, 18.5, ., 
; 20.1, 22.4, 24.4, 26.1, 30.6, 35.0, 40.4, 45.2, 50.2, 61. 7, 70.1, 

... and 82.1 K, respectively • 
0 

12 78 Greig, D. and 1955 E 2.0-H1 F 0.35 Similar to the above specimen; mostly small grains, but few long grains 
Harrison, J. P. running from center; electTical resistivities are estimated from reported 

Lorenz number L and thermal conductivity k as 0.219, 0.199, 0.225, 
0.224, 0.220, 0.225, 0.230, 0.227, 0.228, 0.244, 0.244, 0.250, 0.255, 
0.264, 0.289, 0.328, 0.361, 0.414, 0.541, 0.712, 0.873, 1. 084, and 
1. 323 pn cm at 2.6, 4.4, 6.7, 8.7, ]0.4, 12.3, 14.6, 16.7, 18.2, 20.3, 
23. 3, 25. 8, 28. '), 25.8, 28. 0, 30. 1, 35. 2, 40. 9, 45. 5, 51. 0, 62. 1, 
71.8, 81. 3, 90.3, and 100.8 K, respectively. 

13 74 Erdmann, J.C. and 1958 4.2-45 Cu 49 50.50 49.47 0.030 AI; polycrystalline; 5.0 mm diameter and 10 cm long; supplied by ::x:: Jahoda, J. A. Interr.ational Nickel Co., hc; vacuum cast ingot hammer forged, hot- 0 
cast rolled to 18 rom diameter and rO'Jgh turned; swaged to 10 mm dia-

m meter, and machined to size; anneal.e::l at 930 C for 24 hr in argon -f 
furnace and cooled slowly; residual electrical resistivity 46.10 pn cm; » measured in a vacuum of 1')-6 mm Hg. 

!"'" 
14 74 Erdm~ J.C. and 1968 4.2-65 Ni65 64.87 Bal. 0.051 AI; similar to above except residual electrical resistivity 27.62 J.JO cm. 

Jahoda, J. A. 

15 74 Erdmann, J. C. and 1968 4.2-53 Ni85 84.70 Bal. 0.054 AI; similar to above except.residual electrical resistivity 11.14J.JO cm. 
J ahoda, J. A. 

16 74 Erdmann, J.C. and 1968 4.2-39 Ni90 90.24 Bal. O. 060 AI; similar to above except residual electrical reSistivity 8.24 pn cm. 
Jahoda, J. A. 

17 74 Erdmann, J. C. and 1968 ->; 4.2-61 Ni 91 91. 05 Bal. 0.046 AI; similar to above except residual electrical resistivity 15.88/10 cm. 
J ahoda, J. A. 

18 74 Erdmann, J. C. and 1968 4.3-42 Ni 96 95.60 Bal. Similar to above except residual electrical reSistivity 3.91 }Jl cm. 
J ahoda, J. A. 

19 74 Erdmann, J. C. and 1968 4.2-28 Ni98 99.35 Bal. Single crystal; 6. 0-7. 5 mm in diameter and 12 cm long; supplied by 
J ahoda, J. A. Materials Research Corp; prepared by electron beam float zoning; 

residual electrical resistivity O. 907 f,J0 cm; measured in a vacuum of 
10-6 mm Hg. 

20 147 Jackson, P.J. and 1968 514-6:4 Bal. 8.'7 Polycrystalline; prepared from 4 N purity Ni and Cu; annealed; Curie point 
Saunders, N. H. 278 C. 

21 73 Erdmann, J. C. and 1964 L 4.2 131 Bal. 2.03 Polycrystalline; wire specimen 1. 35 to 1.45 mm in diameter and 125 mm 
J ahoda, J. A. long; ,)btained fr:>m International Nickel Co. ; vaCU1,lm cast ingot hammer 

forged, hot-rolled to 18. 5 :urn in dianeter, rough turned, cold rolled to 
6 mm diameter and drawn to 1.5 mm diameter,cut; annealed at 1000 C 
for 24 hr. slowly cooled in the furnac~ for a period of 6 hr, electro-
polished; grain size 50 to 250 /1; electrical resistivity 1. 65/10. cm at 
4.2 K. 



TABLE 13. THERMAL CONDUCT~VITY OF ,NICKEL + COPPER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASmEMENT INFORMATION (continued) 

Cur. Ref. Method Temp. Name and Composition 

No. No. 
Author(s) Year Used Range,K ' Specimen (weight percent) Composition (contir.ued), Specifications, and Remarks 

Designation Ni Cu 

22 73 Erdmann, J.C. and 1964 L 4.2 670 84.7 Bal. < 0.1 each of Fe and Mn, 0.054 AI, and 0.02 C; polycrystalline; same 
Jahoda, J. A. supplier and fabrication method as the above specimen; electrical 

resistivity 10. 64p.O cm at 4.2 K. 

23 73 Erdmann, J. C. and 1964 L 4.2 669 64.87 Bal. 0.051 AI, 0.013 C, and < 0.01 Fe; polycrystalline; same supplier and 
J ahoda, J. A. fabrication method as t't.e above specimen; electrical resistivity 

27. 8 (..LO cm at 4.2 K. 
-4 

24 148 Burger, R., Dittrich, 1968 E 316.2 95 5 Prepared from 99.98 pure nickel; measured in transverse magnetic fields :I: 
m 

H., and Koch, K.M. ranging from O. 48 to 10. ,63 kOe; reported data taken :from smooth curve. ~ 

148 Burger, R., et al. 1968 E 316.2 The above specimen measured in longitudinal magnetic fields ranging from :: 25 > 0.16 to 10.59 kOe; smoothed values reported. .... 
26 148 Burger, R., et al. 1968 E 316.2 90 10 Prepared from 99.98 pure nickel; measured in transverse magnetic fields n 

ranging from 0.49 to 10.48 kOe; smoothed values reported. 0 
Z 

27 148 Burger, R., et al. 1968 E 316.2 The E.bove specimen measured in'longitudinal.magnetic fie:ds ranging from C 
0.17 to 10.48 kOe; smoothed values reported. c: 

n 
28 148 Burger, R., et al. 1968 E '316.2 85 15 Prepa.red from 99. 98 pure nickel; measured in transverse magnetic fields -4 

< ranging from 0.47 to 10.50 kOe; smoothed value~ reported. =t 
29 148 Burger, R., et al. 1968 E 316.2 The E.bove specimen measured in longitudinal magnetic fields ranging from < 

0.19 to 10.47 kOe; smoothed values reported. 0 
30 148 Burger, R., et al. 1968 E 316.2 80 20 Prepa.redfrom 99. 98 pure nickel; measured in transverse magnetic fields ." 

ranging 'from 0.45 to 10.39 kOe;smoothed'values reported. 5!! 
31 1:48 Burger, R. ,et al. 1968 E 316.2 The E.bove specimen measured in longitudinal magnetic fields ranging from Z 

> 0.29 to 10. 42 kOe; 'smoothed values reported. ~ 
< 32 148 Burger, R., et al. 1968 E 316.2 75 25 Prepared from 99. 98 pure nickel; measured in transverse magnetic fields 

ranging from 0.48 to 10.34 kOe; smoothed values reported. > .... 
148 Burger, R., et al. 1968 E 316.2 The a.bove speCimen measureq in longitudinal magnetic fields ranging from 

r-33 0 
0.33 to 10.46 kOe; smoothed values reported. < 

34 81 Farrell, T. and 1969 L 3.4-90 0.34 ",,3 rom diameter and 9'cm long; supplied by Metals Research Ltd. ; annealed en 
~ Greig, D: at 850 C for 15 hr; reSidual electrical- resistivity 0.247 f.LO cm; electrical < en ~ 

resistivity 6.67 (..Lo, cm at 0 C. -4 :r m '< 
~ !" 35 149 Berger, L. 1969 L 1. 7-4. 3 Bal. 35 ,Polycrystalline from Johnson Matthey Ni and Cu, vacuum melted. swaged, n 

homogenized for 48 hrat 1200 C in purified helium,and furnace cooled. 
en :r 

41> 

~ 36 149 Berger, L. 1969 L 1. 5-4. 3 Thea.bove specimen measured in a constant longitudinal field of 58.9 kG. ,., 
37* 106, Yelon, 'W. B. and 1970 L 1. 6-4. 3 33.4 Prepared by melting high-purity Johnson Matthey metal in a vacuum of ~ 

0 177 Berger, L. 6 K: 1(}6 torr, after cooling, machining to round rod, homogenizing at 
I:) UOO C for 2400 hr, in helium, annealing in a vacuum of 10-5 torr at 
~ HOO Cfor 0.5 hr, swaging to 0.797 cm in diameter, again annealing in 
< a v-acuum of 6 x 1(J6 torr ,at 750 C for 1 hr; grain size C. 1",,0. 5 mm; 
~ electrical resistivity 23.4 p.o, cm at 4. 2 K; run 7. 

""" Z 38* 106, Yelon, W. G. and 1970 L 1.7-4.3 The above speCimen; run 8. 
~ 177 Berger, L. 
Co) 

* Not shown in figure. 
..0 Q ..... ~ CIO c.n 
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THERMAL CONDUCTIVITY OF NICKEL + COPPER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 0-

!II TABLE 13. 
n 
:r 
ID 

~ 
Method. Temp. Name and Composition ,., Cur. Ref. Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

~ No. No. Used Range.K Designation Ni Cu 
C 
D 
; 39*' 106, Yelon, W. B. and 1970 L 2.3-21 The above specimen' measured in a parallel magnetic field of 58. 96 kG; 
< 177 Berger, L. run 10~ 
~ 40*' 106, Yelon, W. B. and 1970 L 1.4-2.1 The above specimen measured without the magnetic field;.run 11. ..... 
z 177 Berger, L. 
~ 41* 106, Yelon,. W. B. "and 1970 L 1.4-4.3 The above specimen; run 9. 
~ 177 Berger, L. 
..0 42* 106, Yelon, W. B. and 1970 L 2.1-21 The above specimen; run 12. ..... 
CD 177 Berger; L. 

43 150 Donaldson, J. W. 1939 L :353-701 "K" Monel 66.73 29.76 2.50 Al,O. 35 Fe, 0.25 Si, O~ 20 C, and 0.21 Mn; rolled and annealed. 

44 134 Aoyama, S. and '1940 L 78 No. 0 94.77 4.36 0.51 Co, 0.26Mn, 0.08 Fe, 0.02 AI, 0 .. 001 Sb; 0.0004 S, and trace Pb 
Ito, T. (calculated composition); 4. 00 mm diameter and 60;0 mm long; cast, 

hot":rolled, then machined to size; electrical ,resistivity 5.00 p.O cm at 
78 K. 

45 134 Aoyama., S. and 1940 L 78 No.1 90.43 8.85 0.48 Co, O. 13 Mn, O. 09 Fe, O. 02 AI, 0.001 Sb, O. 0007 S, and trace Pb 
Ito, T. (calculated composition); 4.00 mm diameter and 60 .. 0 mm long; cast, 

::t hot-rolled, machined to size; electrical resistivity 8. 50p.O, cm at 78 K. 0 
46 134 Aoyama, S. and 1940 L 78 No.2 85.62 13.71 0.46 Co, 0.10 Mn, O. 094 Fe, O. 017 AI, O. 002 Sb, O. 001 S, and trace Pb m 

Ito, T. (calculated composition); 4.00 mm diameter and 60. Omm long.; cast, -4 
hot-rolled, machined to size; electrical resistivity 12.2 p.O cm.at 78 K. > 

47 134 Aoyama, S. and 1940 L 78 No.3 77.73 21. 69 0.414 Co, 0.091 Fe, 0.05 Mn, 0.015 AI, 0.003 Sb, 0.0015 S; and trace r-
Ita, T. Pb (calculated composition); 4.00 mm diameter and .60. 0 mm long; 

cast, hot-rolled, machined to size; electrical resistivity 18.1p.O" cm 
at 78 K. 

48 134 Aoyama, S. and 1940 L 78 No.4 69.14 30.35 0.37 Co, 0.05 S1, 0.068 Fe, O. 014 AI, 0.005 Sb, 0.0021 S, and trace Pb 
Ito, T. (calculated composition); 4.00 mm diameter and 60; 0 mm long; 'cast, 

hot-rolled, machined to size;. electrical reSistivity 28.0 J.LO cm at 7.8 K. 

49 134 Aoyama, S. and 1940 L 78 No.5 58.98 40.53 O. 314 Co, O. 104 Fe, O. 012 AI, O. 04 Mn, O. 006 Sb, O. 0028 S, and trace Pb 
lio, T. (calculated composition); 4.00 mm diameter and 60.0 mm long; cast, 

hot-rolled, machined to size; electrical reSistivity 47. 7 p.O cm at 78 K. 

'* Not shown in figure. 
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4.5. Copper-Palladium Alloy System 

The copper·palladium system forms a continuous series of 
solid solutions over the entire range of compositions. Ordered 
structures are formed at temperatures below about 775 K for 
compositions ranging from slightly below 10 to somewhat 
above 25 At. % (16 to 36%) palladium and at temperatures 
below about 975 K for compositions ranging from slightly 
below 30 to somewhat above 50 At. % (42 to 63%) palladium. 
The maxima of the temperaturel5 of transformatioll ::iuggt;::il 

that these ordered structures are based on PdCus and 
PdlCus, respectively. In this connection, it should be noted 
that curves 2 and 3 of the Cu+ Pd alloys and curves 3, 5, 6, 12, 
13, 14, 15, 22, 23, 24, and 25 of the Pd+Cu alloys are results 
obtained from specimens which were in Ii partially ordered 
state. 

There are 49 sets of experimental data available for the 
thermal conductivity of this alloy system. However, of the 19 
data sets available for Cu+ Pd alloys listed in table 15 and 
shown in figure 36, 14 sets are merely single data points 
around room temperature, and of the 30 data sets for Pd+Cu 
alloys listed in table 16 and shown in figure 37, 19 sets are 
single data points around room temperature. 

The thermal conductivity of these alloys was first investi· 
gated by Sedstrom [178;179] who measured the thermal con
ductivity at 273 K of.14 specimens ranging from 3.5 to 93% 
Pd and the thermal conductivity at 323 K of 17 specimens 
ranging from 8.41 to 93.19% Pd. Later Grlineisen and 
Reddemann [61] measured the low temperature thermal con· 
ductivity of specimens containing 10.3,57.8,62.7, and 90.8% 
Pd (Cu+Pd curve 1 and Pd+Cu curves 1-5) and it was found 
that prolonged annealing just below the order-disorder tran
sition temperature produced a 6-fold increase in the thermal 
conductivity at 80 K of the specimen cOiltaining 57.8% Pd. 
More recently, Pott[82] measured the thermal conductivity 
of specimens containing 24.18, 35.82, 52.75, 57.81, and 
70.67% Pd at temperatures ranging from 293 to 1073 K. The 
first four specimens were measured both in the disordered 
state and after prolonged annealing just below the transition 
temperature (Cu+Pd curves 2-5 and Pd+Cu curves 6, 7, 9, 

and 10); the specimen containing 70.67% Pd was measured 
following two different heat treatments (pd+Cu curves 8 and 
10). The most recent measurement on alloys of this system 
was made in 1967 by Kierspe [83] (Cu+Pd curve 6)for a spec
imencontaining 4.92% Pd at room temperature. 

The low-temperature experimental thermal conductivity 
data for disordered specimens are in satisfactory agreement 
with the values calculated fromeqs (12) and (35) for those 
compositions for which the kg m~ximum occurs below 80 K. 
The inve~tigation by Fletcher and Greig [84] of the lattice 
thermal conductivity of palladium-silver alloys showed that 
the strong electron-phonon interaction in the palladium-rich 
alloys reduces the low temperature lattice thermal conductivi
ty, causing its maximum to occur at much higher tempera
tures than in the silver-rich alloys. A similar elevation of the 
temperature of the maximum of the lattice component is be
lieved to occur in this alloy system. The discrepancy between 
the experimental and calculated values of the thermal con
ductivity at 80 K ranged from 2 to 12%, the calculated values 

being higher; the 12% discrepancy was with the specimen 
containing 57.8% Pd and the electrical 'resistivities reported 
for this specimen are 8 % greater than those reported by 
other authors for this composition. 

At drdinary temperatures Sedstrom's data for his dis
ordered specimens tend to be lower than the calculated val
ues, particularly for the more dilute alloys; this is not surpris
ing in view of the fact that the electrical resistivities of the 
specimens are higher than those reported by other authors 
for the same nominal compositions. In this same temperature 

range the calculated values are within 3% of Kierspe's data 
for a specimen containing 4.9% Pd and Pott's data for a 
specimen containing 57.8% Pd. On the other hand, the calcu
lated values were 16% below Pott's data for a specimen con
taining 24.18% Pd and 28% below his data for a specimen 
containing 70.67% Pd. After correcting for the lattice compo
nent, corresponding Lorenz ratios for these specimens are 
respectively 22 and 36% greater than the classical value; it is 
unlikely that band structure effects could cause such large 
deviations from the classical value for these alloys at 300 K. 

At higher temperatures there are four large discrepancies 
between the calculated and experimental data, ranging from 
30 to 40%. Three of these are with the 70.67% Pd specimen 
mentioned above and are associated with Lorenz ratios 33 to 
38% greater than the classical value; the other discrepancy is 
with Pott's specimen containing 57.8% Pd and the corres
ponding Loreriz ratio is 36% greater than the classical value. 
While heavy alloying with a noble element would presumably 
reduce band structure effects, these Lorenz ratios are larger 
than those obtained by Laubitz and Matsumura [10] for pure 
p'alladiurn. Also, they are very much larger than those ob
tained by Laubitz and van der Meer [85] for a gold alloy with 
34.95% Pd in which comparable band structure effects might 
be expected. Further experimental work on the palladium
rich alloys of this system is clearly in order. Untilthere is ad
ditional experimental evidence or some theoretical support 
for these very large Lorenz ratios it seems safer to use 
evidence from similar systems rather than the thermal con
ductivities associated with these Lorenz ratios as a guide in 
recommending values. 

A graphical comparison of the recommended total thermal 
conductivity values with some of the experimental data is 
given in figures 32 and 33. The smooth solid curves in these 
figures were obtained by interpolating the recommended 
values of table 14 in order to obtain thermal conductivity 
values for the desired alloy compositions. For the ~opper-rich 
alloys shown in figure 32, the recommended values are in 
agreement with the higher temperature portion of the data of 
Gnlneisen and Reddemann [61] (Cu+Pd cUrve 1) to within 
6%, with the data ofPott [821 (Cu+Pd curve 5) to within 5%, 
and with the data of Kierspe [83] (Cu+ Pd curve 6) and of 
Holgerssou and Sedstrom [178] (Cu+Pd curves. 12 and 13) to 
within 3%. The agreement with the data of Holgersson and 
Sedstrom for their 8.41 % and 16.57%Pd alloys (Cu+Pd 
curves 7 and 8) is not as good, being within 12% and 8%, 
respectively. For palladium-rich alloys shown in figure 33, the 
recommended values agree with the data ofPott [82] 
(Pd+Cu curve 9) and of Holgersson and Sedstrom [178] 
(Pd+Cu curve 18 and 20) to within 3 to 5%. 
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The recommenqed values for k, k." and kg are tabulated in 
table 14- for 25 alloy compositions. These values are for dis
ordered alloys which have not been severely cold worked or 
quenched. The values for k are also presented in figures 34 
and 35. In order to show more clearly the systematic variation 
of the thermal conductivity with alloy composition and to 
clarify the confusion in figure 35 due to cros_soverof curves, 
the recommended curves for palladium-rich alloys with 55 to 

J. Phy •• Chem. Ref. Data, Vol. 7, No.3, 1978 

70% Pd are also displayed in figure 34. The ke values COver 
the full temperature range from 4 to 1200 K, but k and kg val
ues are-not given at very low temperatures. The values of re
sidual electrical resistivity for the alloys are also given in 
table 14. The uncertainties of the k values are stated in a foot
note to table 14, and those of the k" and kg values are of the 
order of ±10 to ±14%. 
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TABLE 14. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-PALLADIUM ALLOY SYSTEM t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal Conductivity, k , W cm-1 K-l; Lattice Thermal Conductivity, k , W cm-1 K-l] 
e g 

-- -- ---

Cu: 99.50% ( 99. 70 At. %~ 
Pd: 0.50% ( 0.30 At. % 

Cu: 99.00% (99.40 At.%~ 
Pd: 1.00% ( 0.60 At. % 

Po = O. 2800 ~cm Po = O. 580 IIJ cm 

T k k k e g T k k e kg 

4 0.349 4 0.168 
5 0.524 6 0.253 
8 0.698 8 0.337 

D 0.873 10 0.421 
15 1. 31 15 0.632 

20 1. 75 20 0.842 
25 2.06 25 1.04 
3D 2.44 30 1.24 
40 3.11 40 1. 59 
50 3.68* 3.36 0.324 50 2.15* 1.87 0.277 

60 3.58* 3.27 0.316 60 2.25* 1.98 0.267 
70 3.45* 3.14 0.307 70 2,'29>',< 2.04 0.258 
80 3.31>',< 3.01 0.297 80 2.29>:' 2.05 0.248 
90 3.26* 2.97 0.286 90 2.35* 2.11 0.239 

100 3.25* 2.98 0.275 100 2.41"'< 2.18 0.229 

150 3.31>:' 3.09 0.226 150 2.72* 2.53 0.190 
200 3.46* 3.27 0.188 200 2.90>''< 2.74 0.161 
250 3.48>',< 3.32 0.160 250 3.05"'< 2.91 0.139 
273 3.51* 3.36 0.150 273 3.08'): 2.95 0.131 
300 3.54* 3.40 0.140 300 3.16* 3.04 0.122 

350 3.56"'< 3.44 0.123 350 3.22>',< 3.12 0.109 
400 3.56"" 3.45 0.110 400 3.30* 3.20 0.0987 
500 3.64':< 3.55 0.0913 500 3.36* 3.27 0.0828 
600 3.58"'< 3.50 0.0778 600 3.37* 3.29 0.0713 
700 3.58* 3.51 0.0677 700 3.37* 3.31 0.0627 

800 3.50>:< 3.44 0.0599 800 3.36* 3.30 0.0559 
900 3.47* 3.41 0.0538 900 3.31* 3.26 0.0505 

1000 3.42'): 3.37 0.0488 .. 1000 3.29* 3.24 0.0460 
1100 3.36* 3.32 0.0446 1100 3.26* 3.22 0.0422 
1200 3.31* 3.27 0.0411 1200 3.21'): 3.17 0.0391 

- ~ ---

t Uncertainties in the total thermal conductivity, k, are as follows: 
99.50 Ou - '0. 50 Pd: ± 10%. 
99.00 Cu - 1.00 Pd: ± 10%. 
97. 00 Ou - 3. 00 Pd: ± 10% • 
95.00 Ou - 5. 00 Pd: ± 1~. 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1100 
1200 

,): In temperature range where no experimental thermal conductivity data are available. 

--

Cu: 97.00% (98.19 At. %) 
Pd: 3.00% ( 1. 81 At. %) 

Cu: 95.00% (96.95 At.%) 
Pd: 5.00% ( 3.05 At. %) 

Po = 1. 620 ~cm Po = 2.700 ,n ,::m 

k ke kg T k k k e g 

0.0603 4 0.0362 
0.0905 6 0.054:: 
0.121 8 0.0724 
0.151 10 0.090E, 
0.226 15 0.136 

0.302 20 0.181 
0.376 25 0.226 
0.450 30 0.270 
0.591 40 0.359 

0.917" 0.713 0.204 50 0.615* 0.442 0.173 

1.01* 0.820 0.194 60 O. 680~,< 0.516 0.163 
1. 09>',< 0.905 0.184 70 O. 736'~ 0.582 0.155 
1.15* 0.975 0.176 80 O. 791'~ 0.644 0.147 
1.22* 1. 05 0.168 90 0.845* 0.705 0.140 
1.28* 1.12 0.161 100 0.895* 0.761 0.134 

1. 58'~ 1.44 0.133 150 1.15>',< 1.04 0.110 
1. 83>',< 1.71 0.114 200 1. 35':' 1.26 0.0947 
2.03'): 1.93 0.100 250 1. 53* 1.45 0.0834 
2.11* 2.02 0.0949 273 1. 61 1.53 0.0792 
2.19>',< 2.10 0.0895 300 1. 69 1. 61 0.0748 

2.31* 2.23 0.0811 350 1. 82 1. 75 0.0681 
2.42* 2.35 0.0743 400 1.93'): 1.86 0.0626 
2.60':' 2.54 0.0638 500 2.15>',< 2.09 0.0542 
2.73* 2.68 0.0561 600 2.28* 2.23 0.0481 
2.81':< 2.76 0.0502 700 2.40~.c 2.35 0.0433 

2.84'~ 2.80 0.0455 800 . 2.48* 2.44 0.0395 
2.88~,< 2.84 0.0416 900 2.53'): 2.49 0.0363 
2.88* 2.84 0.0383 1000 2.56* 2.52 0.0337 
2.88* 2.85 0.0356 1100 2.58"'< 2.55 0.0314 
2.87* 2.84 0.0332 1200 2.59'): 2.56 0.0294 
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TABI:.E 14. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-PALLADIUM ALLOY SYSTEM (continued) t 
[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1; Electronic Thermal Conductivity, k , W cm-1 K-1; Lattice Thermal Conductivity, k , W cm-1 K-l] e g 

Cu: 90. 1)00/0 ( 93. 78 At. 0/0) Cu: 85.000/0 (90.47 At. 0/0) 
Pd: 10. ,)O%( 6.22 At. 0/0) Pd: 15.00%( 9.53 At. 0/0) 

Po = 5.32 ,ncm Po = 7.91 ,.,ncm 

T k k k T k k k e g e g 

4 0.0184 4 0.0124 
6 0.0276 6 0.0185 
8 0.0367 8 0.0247 

10 0.0459 10 0.0309 
15 0.0689 15 0.0463 

20 0.0918 20 0.0618 
25 0.114 25 0.0771 
30 0.137 20 0.0924 
40 0.181 40 0~123 
50 0.360 0.225 0.135 50 0.267~ 0.152 0.115 

60 0.393 0.267 0.126 60 0.288~ 0.181 0.107 
70 0.424 0.305 0.119 70 O. 308~ 0.208 0.100 
80 0.455 0.343 0.112 80 0.329r. 0.234 0.0947 
90 0.486 0.379 0.107 90 0.351r. 0.261 0.0899 

100 0.516')< 0.414 0.102 100 0.373~ 0.287 0.0857 

150 0.668* 0.585 0.0837 150 0.484* 0.414 0.0703 
200 0.815* 0.743 0.0719 200 0.593* 0.533 0.0604 
250 0.950')< 0.887 0.0635 250 0.698* 0.644 0.0534 
273 1.01 0.945 0.0604 273 0.742 0.691 0.0509 
300 1~07 1.01 0.0572 300 0.796 0.748 0.0482 

350 1.18 1.13 0.0522 350 0.886 0.842 0.0441 
400 1.29* 1.24 0.0482 400 0.971>:' 0.930 0.0408 
500 1.47* 1.43 0.0421 500 1.13* 1.10 0.0357 
600 1.63* 1. 59 0.0375 600 1.27* 1.24 0.0319 
700 1.77* 1.73 0.0340 700 1.40* 1.37 0.0290 

800 1.88* 1.85 0.0312 800 1. 51* 1.48 0.0267 
900 1.97* 1. 94 0.0289 900 1.61* 1.58 0.0248 

1000 2.04* 2.01 0.0270 1000 1. 68* 1.66 0.0232 
1100 2.09* 2.07 0.0253 1100 1. 75* 1.73 0.0218 
1200 2.14>'~ 2.11 0.0238 1200 1. 80* 1.78 0.0206 

t Uncertainties in the total thermal conductivity, k, are as follows: 
90.00 Cu - 10.00 Pd: ±10%. 
85.00 Ct. - 15.00 Pd: ± 10%. 
80.00 Cu - 20.00 Pd: ± 10%. 
75.00 Ct. - 25.00 Pd: ± 10%. 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

,350 
400 
500 
600 
700 

800 
900 

1000 
1100 
1200 

* In temperature range where no experimental thermal conductivity data are available. 

Cu: 80.000/0 (87.01 At. 0/0) Cu: 75.000/0 (83.40 At. %~ 
Pd: 20.00%( 12. 99 At. %) Pd: 25.00% (16.60 At. % 

Po = 10. 43 ~cm Po = 12.90 ,£2cm 

k k k T k k k e g e g 

0.00937 4 0.007.58 
0.0141 6 0.0114 
0.0187 8 0.0152 
0.02~'= 10 0.0189 
0.0351 15 0.0284 

0.0468 20 0.0379 
0.0585 25 0.0473 
·0.0702 30 0.0567 
0.093,= 40 0.0755 

0.218* 0.116 0.102 50 0.186>:< 0.093a 0.0925 

0.233* 0.138 0.0945 60 0.198~< 0.112 0.0857 
0.249>',< 0.160 0.0886 70 0.210* 0.130 0.0802 
0.265* 0.181 0.0835 80 0.223* 0.147 0.0756 
0.281* 0.202 0.0792 90 0.236* 0.164 0.0717 
0.299* 0.223 0.0755 100 0.249* 0.181 0.0682 
0.386>',<' 0.324 0.0618 150 0.321* 0.265 0.0558 
0.472* 0.419 0.0532 200 0.393* 0.345 0.0480 
0.557* 0.510 0.0471 250 O. 465~" 0.422 0.0425 
0.594' 0.549 0.0448 273 0.496 0.456 0.0405 
0.638 0.596 0.0425 300 0.533 0.494 0.0384 

0.715 0.676 0.0389 350 0.599 0.564 0.0352 
0.787* 0.751 0.0360 400 0.662 0.629 0.0326 
0.924* 0.893 0.0316 500 0.782 0.753 0.0287 
1.05')< 1.02 0.0283 600 0.895 0.869 0.0257 
1.17* 1.14 0.0258 700 1.00 0.979 0.0235 

1.27* 1.25 0.0238 800 1.10 1.08 0.0216 
1.36"" 1. 34 0.0221 900 1.19 1.17 0.0201 
1.45* 1.43 0.0207 1000 1.27 1.25 0.0189 
1. 52)~ 1. 50 0.0195 1100 1.35* 1.33 0.0178 
1.58* 1. 56 0.0184 1200 1. 42* 1.40 0.0168 
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TABLE 14. RECOMMENDED THERMAL CONDUCTIVITY OF COPPER-PALLADIUM ALLOY SYSTEM (continued) t 
[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal qonductivity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-l] 

eu: 70.00% ( 79. 62 At. %) Cu: 65.00% (75.67 At. %) 
Pd: 30.00% (20.38 At. %) Pd: 35. '00% (24.33 At. %) 

Po = 15.3'0 ,.n cm Po = 17. 68 ,.n cm 

T k k k T k k kg e g e 

4 '0.00639 4 0.'00553 
6 '0.00958 6 0.0'0829 
8 0.0128 8 O. '0111 

1'0 '0.0160 1'0 0.'0138 
15 0.024'0 15 '0.02'07 

2'0 0.0319 20 '0.'0276 
25 '0.0399 25 '0.0345 
30 0.0478 3'0 '0.'0414 
4'0 O. '0636 4'0 '0.'0551 
5'0 '0.165* 'O. '0791 '0.0855 5'0 0.149* '0.'0688 '0.0799 

60 '0.174':- 0.0945 0.0791 6'0 0.156* 0.'0822 '0.0739 
70 '0.183';- '0.1'09 '0.'0739 7'0 0.164'~ 0.0953 '0.0691 
80 '0.194* 0.125 '0.'0696 8'0 '0.173* '0.1'08 Q. '065'0 
90 '0.2'05* '0.139 '0.'066'0 9'0 '0.183* '0.121 '0.'0615 

1'0'0 '0.217* '0.154 0.'0628 1'00 '0.193* 0.134 '0.0585 

150 '0.278* 0.226 0.'0514 150 '0.246* 0.198 '0.0479 
2'0'0 '0.339* 0.295 '0.'0442 20'0 0.3'0'0>:' '0.259 '0.0412 
25'0 '0.4'01* 0.362 0.0392 25'0 O~ 354"" '0.317 '0.0365 
273 '0.428'): 0.391 '0.'0373 273 '0.378 '0.344 0.0348 
3'00 '0.462>:' '0.426 '0.'0354 3'0'0 '0.4'07 '0.374 Q. '0330 

35'0 '0.52'0>:' 0.487 0.0325 35'0 '0.459 '0.428 Q. '03'03 
4'0'0 '0.575>:' '0.545 '0.'03'01 4'0'0 '0.5'09 '0.481 Q. '0281 
5'0'0 0.683"" '0.657 '0.'0264 5'0'0 '0.508 '0.583 '0.0247 
6'0'0 '0.826>:< 0.802 '0.0238 6'0'0 '0.7'01 '0.67'8 O. '0222 
700 '0.882* 0.860 '0.0217 7'00 0.790>): 0.77'0 Q. '02'03 

8'00 '0.972':' '0.952 0.'0200 80'0 '0.873 '0.854 '0.'0187 
9'0'0 1. '05>:' 1.04 '0.'0186 9'0'0 '0.948 '0.931 Q. '0175 

1'00'0 1.13* 1.11 0.0175 1'00'0 1. 02 1.0'0 '0.0164 
110'0 1.2'0':' 1.18 '0.0165 11'00 1.09 1. '07 Q. '0154 
12'0'0 1.26':' 1.25 '0.'0156 12'0'0 1.15>:' 1.14 Q. '0146 

t Uncertainties. in the total'thermal conductivity, k, are as follows: 
7'0. '0'0 Cu - 3'0.0'0 Pd: ±lQ%. 
65. '0'0 eu - 35.0'0 Pd: ±lQ%. 
6'0.0'0 eu - 4'0.0'0 Pd: ± 10%. 
55. '0'0 eu - 45.0'0 Pd: ±lQ%. 

T 

4 
6 
8 

10 
15 

2'0 
25 
3'0 
40 
50 

60 
7'0 
8'0 
9'0 

1'0'0 

15'0 
2'0'0 
25'0 
273 
30'0 

35'0 
4'0'0 
5'0'0 
60'0 
7'0'0 

80'0 
9'0'0 

1'0'00 
11'0'0 
12'0'0 

':' In temperature range where .no experimental thermal conductivity data a:e available. 

Cu: 60.00% ( 71.52 At. %) Cu: 55. 00% (E7. 18 At. %) 
Pd: 40.00% (23.48 At. %) Pd: 45. '0'0% (22.82 At. %) 

Po = 2'0.01 ,.n cm Po = 22. 6'0 ~cm 

k k k T k k k e g e g 

'0.'00488 4 0.0'0432 
'0.'0'0733 6 '0.0'0649 
0.0'0977 8 '0.00865 
'0.'0122 1'0 '0.0108 
'0.'0183 15 '0.0162 

'0.0244 2'0 '0. 1)216 
0.03'05 25 0.0270 
0.'0366 3'0 '0. 1)324 
0.'0487 40 '0.0431 

'0.136* '0.06'06 0.0756 50 '0.126>:' 0.0537 0.0721 

'0.142* 0.0724 0.0698 6'0 O. 131"~ 0.0642 '0.'0665 
'0.149* 0.084'0 0.0652 7'0 0.137>:' 0.0745 0.0621 
'0.157':' '0.'0955 '0.0613 8'0 '0.143* '0.0847 '0.'0584 
'0.165* 0.107 0.0580 9'0 0.150* '0. 1)948 '0.'0553 
0.173>:' '0.118 '0.0552 10'0 '0.158':' '0.1'05 '0.'0526 

'0.219* 0.174 '0.0451 15'0 '0.198'): '0.155 '0.'0429 
'0.267* '0.229 '0.0388 2'0'0 '0.24'0>:' '0.2'03 '0.'0369 
'O.316"~ 0.281 '0.0344 25'0 0.283* '0.25'0 '0.'0328 
'0.338 0.3'05 0.0328 273 0.302 0.271 '0.'0312 
'0.363 '0.332 '0.0311 3'0'0 '0.325 '0.295 '0.'0297 

'0.4:1'0 '0.381 Q. '0286 35'0 '0.367 '0.34'0 '0.'0272 
'O. 454'~ 0.428 0.0265 40'0 0.407>): '0.382 '0.0252 
'0.542':' 0.519 '0.0233 5'00 0.485':' '0.463 0.'0222 
'0.527>:' '0.6'06 '0.021'0 6'0'0 '0.561':' '0 • .541 '0.02'00 
'O.7'O7"~ 0.688 '0.0192 7'0'0 0.633':' 0.515 '0.0183 

'0.782':' 0.764 '0.0177 800 0.7'01':' 0.585 '0.'0169 
0.353':< 0.837 '0.0165 9'0'0 '0.765':' '0.749 0.'0157 
Q. ~20':' 0.904 0.0155 100'0 '0.825':' '0.81'0 '0.'0148 
0.~82':< 0.967 0.0146 1100 0.881>:' 0.867 '0.014'0 
1. 1}4':' 1.'03 0.0139 12'0'0 '0.933':' 0.92'0 '0.'0132 
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TABLE 14. RECOMlVrENDED THERMAL CONDUCTIVITY OF COPPER-PALLADIUM ALLOY SYSTEM (continued) t 
[Temperature, T, K; Thermal. Conductivity, k, W cm-1 K-l; Electronic Thermal Conductivity, ke' W cm-1 K-1; Lattice Thermal Conductivity, kg' W cm-1 K-l] 

Cu: 50. 00% (62. 61 At. %~ 
Pd: 50. 000/0 (37. 39 At. 0/0 

Cu: 45. oo%.~ 57.81 At. %~ 
Pd: 55.000/0 42.19 At. 0/0 

Po = 25.53 IDem Po = 29.00 ,.J1 cm 

T k k k T k k k 
e g e g 

4 0.00383 4 0.00337 
6 0.00574 6 0.00505 
8 0.00766 8 0.00674 

10 0.00957 10 0.00842 
15 0.0144 15 0.0126 

20 0.0191 20 0.0168 
25 0.0239 25 0.0210 
30 0.02B7 30 0.0252 
40 0.03B1 40 0.0336 
50 0.117* 0.0476 0.0693 50 0.0419 

60 0.121* 0.0568 0.0640 60 0.112* 0.0500 0.0620 
70 0.12601' 0.0659 0.0597 70 0.116* 0.0580 0.0578 
80 0.131* 0.0750 0.0561 80 0.120 0.0660 0.0544 
90 0.137* 0.0840 0.0531 90 0.125 0.0740 0.0514 

100 0.143* 0.0929 0.0505 100 0.131* 0.0819 0.0489 

150 0.178* 0.137 0.0412 150 0.161* 0.121 0.0399 
200 0.215* 0.181r 0.0355 200 0.192* 0.158 0.0343 
250 0.253* 0.222 0.0315 250 0.224* 0.194 0.0305 
273 0.269 0.239' 0.0300 273 0.239 0.210 0.0290 
300 0.2E9 0.260 0.0285 300 0.257 0.230 0.0276 

350 0.325 0.299 0.0261 350 0.289 0.263 0.0253 
400 0.361 0.337 0.024:2 400 0.320 0.296 0.0235 
500 0.430 0.409 0.0213 500 0.379 0.359 0.0207 
600 0.497 0.477 0.0192 600 0.437 0.418 0.0186 
700 0.561 0.543 0.OU6 700 0.492 0.475 0.0170 

800 0.622 0.605 0.0162 800 0.545 0.529 0.0157 
900 0.680 0.665 0.0151 900 0.596 0.581 0.0147 

1000 0.734 0.72) 0.014.2 1000 0.645 0.631 0.0138 
1100 0.786 0.773 0.0134 1100 0.691 0.678 0.0130 
1200 0.835* 0.822 0.0127 1200 0.734* 0.722 0.0123 

t Uncertainties in the total thermal conductivity, k, are as follows: 
50.00 Cu - 50.0(1 Pd: ± 10%. 
45.00 Cu - 55.40 Pd: ±10%. 
40.00 Cu - 60.0() Pd: ±10%. 
35. 00 Cu - 65.0(1 Pd: ± 10%. 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
'90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1100 
1200 

* In temperature range where no experimental thermal conductivity data are available. 

Cu: 40. 000/0 ~ 52. 75 At. 0/0) Cu: 35.000/0 ( 47.41 At. 0/0) 
Pd: 60.000/0 47.25 At. 0/0) Pd: 65.000/0 .(52. 59 At. 0/0) 

Po = 32.63 ~cm Po = 40. 00 ~cm 

k k k T k k k 
e g e g 

0.00300 4 0.00244 
0.00449 6 0.00366 
0.00599 8 0.00489 
0.00749 10 0.00611 
0.0112 15 0.00916 

0.0150 20 0.0122 
0.0186 25 0.0152 
0.0223 30 0.0182 
0.0296 40 0.0242 
0.0369 50 0.0301 

0.0440 60 0.0360 
0.108 0.0511 0.0565 70 0.0419 
0.111 0.0582 0.0531 80 0.100 0.0477 0.0525 
0.115 0.0652 0.0503 90 0.103 0.0535 0.0496 
0.120* 0.0722 0.0478 100 0.106* 0.0591 0.0471 

0.145* 0.106 0.0390 150 O. 126"~ 0.0872 0.0385 
0.172* 0.139 0.0335 200 0.148'~ 0.114 0.0331 
0.200* 0.170 0.0297 250 0.170':' 0.141 0.0293 
0.212 0.184 0.0283 273 0.181 0.153 0.0279 
0.227 0.200 0.0269 300 0.193 0.167 0.0265 

0.254 0.230 0.0247 350 0.216 0.192 0.0243 
0.281 0.258 0.0229 400 0.239':< 0.216 0.0226 
0.333 0.312 0.0202 500 0.283>:' 0.263 0.0199 
0.382 0.363 0.0182 600 O. 325'~ 0.307 0.0179 
0.429 0.413 0.0166 700 0.366>:< 0.350 0.0164 

0.475 0.460 0.0154 800 0.407':' 0.392 0.0151 
0.520 0.506 0.0143 900 0.448* 0.433 0.0141 
0.563 0.549 0.0134 1000 O. 488'~ 0.474 0.0132 
0.604 0.591 0.0127 1100 0.529':' 0.516 0.0125 
0.643* 0.631 0.0120 1200 0.570* 0.558 0.0119 
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':'ABLE 14. RECOMMENDED THERMAL CONDUCTNITY OF COPPER-PALLADIUM ALLOY SYSTEM (continued) t 
[Temperature, T, K; Thermal Conductivity,,k, W cm-1 K-l; Electronic Thermal Conductivity, k', W cm-1 K-:l; Lattice Thermal Conductivity, k , W cm-1 K-l] , e g 

Cu: 30. 1)0% (41.78 At. %) Cu: 25.00% (35.82 At. 0;0) 
Pd: 70. 1)0% ( 58. 22 At. %) Pd:75.00% (64.18 At. %) 

Po =44.19,nem ~ = 42.40 IJOcm 

T ,k k k T k k k e g e g 

4: 0.00221 4 0.00231 
6 0.00332 6 0.00346 
8 0.00442 8 0.00461 

10 0.00553 10 0.00576 
15 0.00829 15 0.00864 

20 0.0111 20 0.0115 
25 0.0137 25 0.0142 
30 0.0165 30 0.0170 
40 0.0219 40 0.0226 
50 0.0273 50 0.0281 

60 0.0326 60 0.0335 
70 0.0379 70 0.0388 
80 0.0432 80 0.0441 
90 0.0485 90 0.0494 

100 0.0535 100 0.0547 

150 0.117* .0.0790 0.0384 150 0.119* 0.0801 0.0388 
200 0.137* 0.104 0.0330 200 0.138* 0.105 0.0334 
250 0.157'" tl.128 0.'0292 250 0.158* 0.129 0.0296 
273 0.167 0.139 0.0279 273 0.168 0.139 0.0282 
300 0.178 0.152 0.0264 300 0.179 0.152 0.0267 

350 0.199 0.175 0.0243 350 0.200 0.176 0.0245 
400 0.220 0.198 0.0225 400 0.222 0.199 0.0227 
500 0.262 0.242 0.0198 500 0.264 0.244 0.0200 
600 0.303 0.285 0.0178 600 0.306 0.288 0.0180 
700 0.343* 0.327 0.0.163 700 0.347* 0.331 0.0164 

801) 0.383 0.368 0.0151 800 0.388 0.373 0.0152 
900 0.422 0.408 0.0140 900 0.430 0.415 0.0142 

1000 0.461 0.448 0.0132 1000 0.470 0.457 0.0133 
1100 0.502 ·:0.489 0.0124 .1100 .0.513 0.500 0.0125 
1200 0.543* 0.531 0.0118 1200 0.556* 0.544 0.0119 

t Uncertainties in the total thermal conductivity, k, areas follows: 
30.00 Cu - 70.00 Fd: ± 14%. 
25. 00 eu - 75.00 Fd: ± 14%. 
20.00 Cu - 80.00 Pd: ± 14%. 
15.00 Cu - 85.00 Fd: ± 14%. 

* In temperature' range where no experimental thermal conductivity data are available. 

Cu: 20.00% (29.51 At. %) Cu: 15.00% (22.81 At. %) 
Pd: 80.00% (70.49 At. %) Pd: 85.00% (77.19 At. %) 

Po = 36. 26 ~cm Po = 28. 68 ,£), cm 

T k k k T k k k, 
e g e g 

4 0.00270 4 0.00341 
6 0.00404 6 0.00511 
8 0.00539 8 0.00682 

10 0.00674 10 0.00852 
15 0.0101 15 0.0128 

20 0.0135 20 0.0170 
25 0.0165 25 0.0207 
30 0.0198 30 0.0247 
40 0.0261 40 0.0325 
50 0.0323 50 0.0400 

60 0.0384 60 0.0473 
70 0.0444 70 0.0545 
80 0.0503 80 0.0615 
90 0.0561 90 0.0684 

100 0.0619 100 0.0752 

150 0.0893 150 0.107 
200 0.150>~ 0.115 0.0344 200 0.172* 0.136 0.0365 
250 0.171* 0.140 0.0305 250 0.195>~ 0.163 0.0323 
273' 0.180 0.151 0.0290 273 0 •. 206 0.175 0.0308 
300 0.192 0.164 0.0275 300 0.218 0.189 0.0292 

350 0.214 0.189 0.0252 350 0".242 0.215 0.0267 
400 0.236>'0< 0.213 0.0234 400 0.265':< 0 .• 240 0.0247 
500 0.280* 0.259 0.0206 500 0.311* 0.289 0.0217 
600 0.323* 0.304 0.0185 600 0.356* 0.336 0.0195 
700 0.366* 0.349 0.0169 700 0.400>i< 0.383 0.0178 

800 0.408>:< 0.393 0.0156 800 0.443* 0.427 0.0164 
900 0.450':< 0.436 0.0145 900 0.485* 0.470 0.0153 

1000 0.492';' 0.478 0.0136 1000 0.526>:' 0.511 0.0143 
1100 0.534':' 0.521 0.0128 1100 O. 566~' 0.553 0.0135 
1200 0.578* 0.566 0.0122 1200 O. 607'~ 0.594 0.0128 
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TABLE 14. RECOl'£MENDED THERMAL CONDUCTIVITY OF COPPER-PALLADItT.M ALLOY SYSTEM (continued) t 
[Temperature, T. Kj Thermal CDnductivity, k, W cm-1 K.-1j Electronic Thermal Conductivity,. k

e
, W cm-1 K-l j Lattice Thermal Conductivity, kg' W em-1 K-11 

Cu: 10.000/1! (15.69 At. %) Cu: 5.000/0 ( 8.10 At. %) 
Pd: 90.00% (84.31 At. %) Pd: 95.000/0 (91.90 At. %) 

Po = 20.10 ~cm Po = 10. 31 pO em 

T k k k T k k kg e g e 

4 0.00485 4 0.00948 
6 0.00729 6 0.0142 
8 0.00972 8 0.0190 

10 0.0122 10 0.0237 
15 0.0182 15 0.0355 

20 0.0243 20 0.0474 
25 0.0294 25 0.0572 
30 0.0350 30 0.0676 
40 0.0459 40 0.0871 
50 0.0562 50 0.105 

60 0.0660 60 0.120 
70 0.0756 70 0.135 
80 0.0849 80 0.1.49 
90 0.0940 90 0.162 

100 0.103 100 0.175 

150 0.141 150 0.223 
200 0.216* 0.175 0.0407 200 0.312* 0.261 0.0509 
250 0.241':' 0.205 0.0360 250 0.337* 0.293 0.0448 
273 0.252 0.218 0.0342 273 0.348 0.305 0.0426 
300 0.266 0.234 0.0324 300 0.362 0.322 0.0403 

350 0.292 0.262 0.0297 350 0.389 0.352 0.0367 
400 0.317* 0.290 0.0274 400 0.415* 0.381 0.0339 
500 0.366* 0.342 0.0240 500 0.465* 0.436 0.0295 
600 0.412':< 0.391 0.0215 600 0.515':' 0.489 0.0263 
700 0.456* 0.436 0.0196 700 0.559'l< 0.535 0.0239 
800 0.499':' 0.481 0.0180 800 O. 661>'~ 0.639 0.0219 
900 0.541>'0< 0.525 0.0168 900 0.641* 0.621 0.0202 

1000 0.581* 0.565 0.0157 1000 0.676* . 0.657 0.0189 
1100 0.621* 0.606 0.0148 1100 0.711* 0.693 0.0177 
1200 0.660* 0.646 0.0140 1200 0.745*· 0.728 0.0167 

t Uncertainties in the total thermal conductivity, k, are as follows: 
10.00 Cu - 90.00 Fd: ± 14%. 

5.00 Cu - 95.00 Fd: . ± 140/0. 
3.00 Cu - 97.00 Fd: ± 14%. 
1.00 Cu - 99.00 Fd: ± 140/0. 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1100 
1200 

* In temperature range where no.experimental thermal conductivity data are available. 

Cu: 3. 00% ( 4.92 At. 0/0) Cu: 1. 00% ( 1.66 At. %) 
Pd: 97.00% (95.08 At. 0/0) Pd: 99.00% (98.34 At. %) 

Po = 6.20 j.bOc:m Po = 2.100 ,nem 

k ke kg T k k kg e 

0.0158 4 0.0465 
0.0236 6 0.0698 
0.0315 8 0.0931 
0.0394 10 0.116 
0.0591 15 0.175 

0.0788 20 0.233 
0.0959 25 0.276 
0.113 30 0.315 
0.143 40 0.364 
0.167 50 0.382 

0.214 60 0.389 
0.230 70 0.397 
0.246 80 0.407 
0.261 90 0.417 
0.273 100 0.422 

0.294 150 0.441 
0.329 200 0.454 

0.411* 0.358 0.0533 250 0.547':< 0.471 0.0762 
0.421* 0.371 0.0505 273 0.553':< 0.481 0.0719 
0.435* 0.387 0.0477 300 0.562* 0.494 0.0676 

0.462* 0.419 0.0434 350 0.583* 0.522 0.0608 
0.486* 0.446 0.0399 400 0.604* 0.548 0.0554 
0.533* 0.499 0.0346 500 0.646* 0.599 0.0471 
0.579* 0.548 0.0307 600 0.690* 0.649 0.0411 
0.623* 0.595 0.0277 701) 0.731"" 0.694 0.0365 

0.665* 0.640 0.0253 801) 0.770* 0.737 0.0329 
0.706':< 0.682 0.0233 900 0.808* 0.778 0.0299 
0.743* 0.722 0.0216 1000 0.847* 0.819 0.0275 
0.775* 0.755 0.0202 1101) 0.886* 0.861 0.0254 
0.810* 0.791 0.0190 1201) 0.926>'0< 0.903 0.0236 
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TABLE 14. RECOMMENDED THERMAL CONDUCTIVITY'OF COPPER-PALLADIUM ALLOY SYSTEM (continuec) t 

[Temperature, T. K; Thermal Conductivity, k, W cm-1 K-l; Electronic 1'hermal Conductivity, k , W cm-1 K-l; Lattice Thermal Conductivity, k , W cm-1 K-1] e g 

Cu: fj.50% ( 0.83 At. 0/0) 
Pd: 99.50% (99.17 At. %) 

Po = 1.100 IAlcm 

T k k k e g 

4 0.0888 
6 0.133 
8 0.178 

10 0.222 
15 0.333 

20 0.444 
25 0.516 
30 0.557 
40 0.596 
50 0.582 

60 0.557 
70 0.539 
80 0.529 
90 0.530 

100 0.520 

150 0.504 
200 0.504 
250 0.606* 0.514 0.0922 
273 0.608* 0.521 0.0866 
300 0.615* 0.534 0.0809 

350 0.634* 0.562 0.0721 
400 0.652* 0.587 0.0650 
500 0.689* 0.634 0.0545 
600 0.730* 0.683 0.0469 
700 0.772* 0.731 0.0412 

800 0.810* 0.773 0.0367 
900 0.849* 0.816 0.0332 

1000 0.887* 0.857 0.0302 
1100 0.927* 0.899 0.0278 
1200 0.966* 0.940 0.0257 

t Uncertainties in the total thermal conductivity, k. are as follows: 
O. 50 Cu - 99. 50 Pd: ± 14%. 

* In tempenture range where no experimental thermal conductivity data are available. 
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TABLE 15. THERMAL CONDUCTIVITY OF COPPER + PALLADIUM ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Year Specimen (weight percent) Composition (continw:ld) , Specifications, and Remarks 

No. No. Used Range,K Designation Cu Pd 

1 61 GrUneisen, E. and 1934 L 22-91 20 89.7 10.3 Calculated composition; polj"crystalline; electrical resistivity 6.82, 5.508, 
R.eddemann, H. and 5.184 /-L0 em at 0, -190, and -251 C, respectively. 

2 82 Pott, F. P. 1958 L 293,573 24.18 Calculated composition; annealed at 60) to 700 Cfot: 2 hr; ordered; elec-
tric!!.l resistivity· 9. 7, 12.4, and 13.9 (.LO cm at 36, 300, and 480 C, 
respectively. 

3 82 Pott, F.P. 1958 L 293,623 35.82 Similar to the above specimen except electrical resistivity 10.5, 12. 9, 
and 15.2 /-LO ,em at 34. 2E1, 'and 449 C, respectively. 

4 82 Pott, F.P. 1958 L 293,1048 24.18 Similar to the above specimen except disordered with electrical resistivity 
14.2, 17.1, and 19.3 /-L0 em at 19, 441, and 779 C, respectively. 

5 82 Pott, F.P. 1958 L 818,1028 35.82 Similar to the above specimen except electrical resistivity 19.7, 22.4, 
and 25. 6 /-LO cm at 25, 4CO, and 800 C, respectively. 

6 83 Kierspe, W. 1967 L 293.2 4.9 Cylindrical 'specimen; electrical resi'stivity 2.5862, 2.5865, 2.5901, 
2.6052, 2.6379, 2.6849, 2.8092, 2.9047,3.0440, 3.1847, 3.3258, 
3.4636, 3.6005, 3.7351, 3.8703, 4.0055, 4 .. 1351, and 4.2018 (.LO cm 

:I at 4,2, 10, 20, 30,40,5'), 70, 83, 103, 123, 143, 163, 183, 203, 223, 
243, 263, and 273 K, respectively. 0 

7 178 Holgersson, S. 1924 323.2 8.41 Calculated composition (5. 2 a/o Pd) ; electrical resistivity 6. 8"n cm at m 
~ 

and Sedstrom, E. 50 C. » 
8 178 Holgersson, S. 1924 323.2 16.57 Calculated composition (10. E a/o Pd); alectrical resistivity 11. 9 IJO cm at r-

and Sedstrom,. E. 50 C. 

9 178 Holgersson, S. 1924 323.2 22.40 Calculated composition (14.7 a/o.Pd);alectricalresistivity 15.41J!l cm at 
and Sedstrom, E. 50 C. 

10 178 Holgersson, S. 1924 323.2 28.73 Calculated composition (19.4 a/o Pd); density 9.78 g cm-3; electrical 
and Sedstrom, E. resistivity 18. ~ IJO cmat 50 C. 

11 178 Holgersson, S. 1924 323.2 35.45 Calcula':ed composition (24.7 a/o Pd) ; electrical resistivity 22. 0 ~. cm at 
and Sedstrom, E. .50 C. 

12 178 Holgersson, S. 1924 323.2 42.36 Calcula-;ed composition (30.5 a/o Pd); ·electricalresistivity 27. ° (.LO cmat 
and SedBtrom, E. 50 C. 

13 178 Holgersson, S. 1924 323.2 48.94 Calculated composition (36.4 a/o Pd); density 10.12 g cm-3; electrical 
and Sedstrom, E. resistivity 29. 8!J.O cmat 50 C. 

14 179 Sedstrom, E. 1924 273.2 3.5 Thermal conductivity value extracted from Schulze, A. (Z. Anorg. Chem., 
159, 325-42, H27). 

15 179 Sedstrom, E. 1924 273.2 8.7 Same as above; electrical resistivity 6 .90 JJ!l cm at 0 C. 

16 179 Sedstrom, E. 1924 273.2 11.1 Same data source as above. 

17 179 Sedstrom, E. 1924 273.2 17.3 Same as above; electrical resistivity 11. 79 p.O cm at 0 C. 

18 179 Sedstrom, E. Hl24 273.2 42.8 Same as above; electrical resistivity .25. 38 J.1.O cm at 0 C. 

19 179 Sedstrom, E. 1924 273.2 49.0 Same as above; electrical resistivity 29.67 JJ!l cm at 0 C. 



TABLE 16. THERMAL CONDUCTNITY OF PALLADIUM + COPPER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Cur. Ref. Method Temp. Name and Composition 
Author(s: Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K Designation Pd Cu 

1 61 GrUneisen, E. and 1934 L 21-91 18 90.8 9~ 2 Calculated composition; polycrystalline; electrical resistivity 20. 59, 22.18, 
Reddemann, H. and 28. 05 tJ,Ocm at 22, 83, and 273 K, respectively. 

2 Bl Grmeisen, E. and 1934 L 21-85 19 62.7 37.3 Calculated composition; electrical resistivity 32.49, 33.68, 36.8, and 
Reddemann, H. 37.15 tJ,O cm at 22, 83,273, and 291. 60 K, respectively. 

3 61 Griineisen, E. and 1934 L 7~-87 21a 57.8 42.2 Calculated composition: electrical resistivity 3.168, 5.1, and 5.32 tJ,O" cm 
Recdemann, H. at 83, 273, and 292.6 K, respectively. -t 

:::t: 
4 61 Griineisen, E. and 1934 L 21-92 21b The above specimen .annealed in vacuo .for 2 hr at ..... 850 C ; electrical resis- m 

:=a 
R ecdemann, H. tivity 33.47, 34.01, 36.4, and 36.6 tJ,O em at 22, 83, 273, and 291. 60 K, 3: 

respectively. » ,... 
5 61 Gruneisen, E. and 1934 L 21-80 21c The above specimen annealedat ..... 325 Cfor 30 hr; electrical resistivity n Recdemann, H. 2.812, 3.286, and 5.251J.O em at 22, 83, . and 273 K, respectively. 0 
6 82 Pott, F.P. 1958 L 293,823 52.75 47.25 Calculated composition; specimen cut from a O. 2 mm thick sheet; cold- Z 

rolled, annealed for 2 hr at,..., 650 C; ordered atomic arrangement; 0 c: electrical resistivity 7.8, 10.8, and 14.0 J.I.O cm at 35, 300, and 590 C, n 
respectively. -t 

<: 
7 82 Pott, F.P. 1958 L 292,623 57.81 42.19 Similar to the above specimen except electrical resistivity 4.3, 7. 7, and =t 

11.0 tJ,O cm at 0, 291. and 560 C, respectively. -< 
8 82 Pott, F.P. 1958 L 302,623 70.67 29.33 Similar to the above. specimen except electrical resistivity 49.3, 50.6, and 0 

51.4 ~cm at 0, 314, and 580 C, respectively. 'TI 

9 82 Pott, F. P. 1958 L 89:3,1048 52.75 47.25 Similar to the above specimen except disordered atomic arrangement and ~ 

electrical resistivity 28. 4, 31. 4, and 35.9 IJ.O cm at 25, 400, and 792 C, Z » respectively. :=a 
10 82 Pott, F.P. 1958 L 29:3,1048 57.81 42.19 Similar to the above specimen .except electrical resistivity 34. 2, 37. 4, -< 

and 41. 4tJ,O cm at 36, 400, and 800 C, respectively. » ,... 
11 82 Pott,· F.P. 1958 L 821,1073 70.67 29.33 Similar to the above specimen except electrical resistivity 47.6, 49.7, 6 and 51. 7IJ.O em at 32. ·400, and 800 C ,respectively. -< 
12 178 Holg;ersson, S. 1924 323.2 48.40 Calculated composition (61. 1 a/o .Cu); electrical. resistivity 11. 9 ~ cm CIt 

!- and Sedstrom, E. at 50 C. '< ..., CIt 
13 178 Holgersson, S. 1924 323.2 47.56 Calculated composition (60.3. a/o Cu) ; electrical resistivity 10.3 tJ,O cm -t ':I" m "< and Sedstrom, E. !" at 50 C. ~ n 14 178 Holgersson, S. 1924 323.2 41.70 Calculated composition (54.5a/o Cu) ; density 10.35 gcm3; electrical 

CIt 
':I" • and Sedsttom, E. reSistivity 19.1tJ,O cm at 50 C. ? 
~ 15 178 Holgersson, S. 1924 323 .• 2 37.58 Calculated composition (49.8 a/o Cu) ; electrical resistivity 10.0 /oLO cm 
~ and Sedsttom, E. at 50 C. 
0 

Holgersson, S. 1924 Calculated. composition (48.1 a/o Cu) ; density 10. 50g cm-3;electrical a 16 178 323.2 35.63 ; and Sedsttom, E. -reSistivity 48.1 J.LO cm at 50 C. 
< 
~ 17 178 Holsersson, S~ 1924 323.2 33.36 Calculated oomposition (45.6 a/o Cu) ; density 10.96 g cm-3; electrical 
~ and Sedstrom, E. resistivity 50.11J.O cm at 50 C. 
Z 18 178 Holgersson, S. 1924 323.2 28.99 Calculated composition (40.6 a/o Cu) ; electrical resistivity 55.4 J.LO cm !' and Sedstrom, E. at 50 C. !A 
..0 e 
" 00 co 
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TABLE 16. THERMAL CONDUCTIVITY OF PALLADIUM + COPPER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K Designation Pd Cu 

19':' 178 Ho:gersson, S. 1924 323.2 20.22 Calculated composition (29.8 a/o Cu) ; .density 11.26 g cm-3; electrical 
and Sedstro'm, E. resistivity 510 4 /-L0 cm at 50 C. 

20 178 Ho:gersson, S. 1924 323.2 14.13 Calculated composition (21.6 a/o Cu) ; electrical resistivity 41.1 uO cm 
and Sedstro·m, E. at 50 C. 

21 178 Holgersson, . S. 1924 323.2 6.81 Calculated composition (10.9 a/o Cu); electrical reSistivity 29.7 /.L0 cm 
and Sedstrom, E. at 50 C. 

22 179 Sedstrom, E. 1924 273.2 51.6 Thermal conductivity value extracted from Schulze, A. (Z. Anorg. C.hern" 
159, 325-42, 1927); electrical resistivity 11.10 uO cm at 0 C. 

23 179 Sedstro'm, E. 1924 273.2 52.5 Same as above but electrical reSistivity 8. 77 /-Ln crn at 0 C. 

24 179 Sed strom, E. 1924 273.2 58.4 Same as above but electrical resistivity 18.28 /-LO cm at 0 C. 

25* 179 Sedstrom, E. 1924 273.2 62.4 Same as above but electrical resistivity 8.26 /-Lncm at 0 C. 
26 179 Seastrom, E. 1924 273.2 64.4 Same as above but electrical resistivity 47.39 /-LO cm at 0 C. 

27 179 Secstrom, E. 1924 273.2 66.7 Same data source as above. 
28':' 179 Sec strom, E. 1924 273.2 79.8 Same as above; electrical resistivity 50.76 /-LO cm at 0 C. 
29 179 Sedstrom, E. 1924 273.2 85.9 Same as above but electrical resistivity 40.16 /.LO cm at 0 C. 

30 179 Sedstrorn, E. 1924 273.2 93.0 Same as above but electrical resistivity. 27 .32 /-LO cm at OC. 

* Not shown in figure,., 
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THERMAL CONDUCTIVITY OF BINARY ALLOY SYSTEMS 1085 

4.6. Copper-Zinc Alloy S_ystem 

The copper-zinc alloy system does not constitute a contin
uous series of solid solutions. The maximum solid solubility 
of zinc in copper is 38.3% (39.0 At. %) at 727 K and the 
solubility decreases at higher and lower temperatures. At 
lower temperatures, the attainment of equilibrium becomes 
very slow and the solubility data are uncertain. Massalski and 
Kittl [86] analyzed the existing data and concluded that the 
boundary lies at about 3S% Zn at 473 K and it may lie at less 
than 30% 'Zn at room temperature. Shinoda and Amano 187] 
reported a much greater reduction in solubility at room 
temperature. 

There are 91 sets of experimental data available for the 
thermal conductivity of Cu+Zn alloys as listed in table 18 and 
shown in figure 40. Of these, seven sets are merely single data 
points, 24 sets cover a narrow temperature range from 
around room temperature to about SOO K, and 17 sets are for 
temperatures below 4.S K. Most of the measurements were on 
alloys in the solid solution region. Surprisingly there are no 
data available in the literature for the Zn+Cu alloys. Conse
quently, only Cu+Zn alloys are treated in the present work. 

In order to ascertain the reliability of experimental data 
and to fill gaps in data, the lattice and electronic components 
of the thermal conductivity of the CU+Zil alloys were 
calculated. The electronic component was calculated from eq 
(12). However, these calculations were limited to tempera
tures below 400 K, since no reliable electrical resistivity data 
were available at higher temperatures. Where values of the 
electronic components are reported at higher temperatures in 
table 17, these were obtained by graphical smoothing of the 
differences between the experimental thermal conductivity 
data and the calculated values of the lattice thermal conduc
tivity. Estimates of the lattice thermal conductivity in the low 
temperature region were based on experimental data and 
values in the high temperature region were calculated from 
eq (3S). In the intermediate range, near the maximum, graph
ical techniques were used to smoothly join the high and low 
temperature values (following a crude separation of kg as a 
guide). The high temperature calculations of the lattice com
ponent were limited to alloys with Zn not exceeding 30%. 

The iow-temperature lattice thermal conductivity of solid
solution Cu+Zn alloys in both strained and annealed states 

has been extensively investigated by Kemp et a1. [62,88,89] 
(curves 17-24 and 27-33). Their results show that the lattice 
and total thermal conductivities of the alloys increase mark
edly as the annealing temperature is increased, due to the 
removal of both point defects and dislocations. This increase 
is illustrated\ by curves 30-33 in figure 40 for an alloy with 
32% Zn. Apparently the dislocations are locked in by the im
purity atoms and cannot be removed by normal annealing 
just above the recrystallization temperature. Even annealing 
the alloy::! at temperature::! near the melting point wa5 found 

to remove only a fraction of the dislocations. In recommend
ing low-temperature lattice thermal conductivities, only the 
data for alloys annealed at high temperatures were used. The 
values given in table 17 were based primarily on the data of 
Kemp et al. J62] for alloys with S.14 and 10.26% Zn (curves 
28 and 29), which were annealed at 1123 K. Because the low-

temperature lattice thermal conductivities of solid-solution 
Cu+Zn alloys do not vary greatly with composition in the 10-
30% Zn range, it was possible to estimate the lattice com
ponents of alloys in this range by graphically extending the 
conductivity-composition curves formed by the S.14 and 
10.26% Zn alloys to higher Zn concentrations, using data of 
Kemp et al. [88] for alloys annealed at a lower temperature 
(773 K) (curves 18, 20, and 24) as a guide. Although this pro
cedure should not introduce unacceptable uncertainties, the 
lattice components reported for the 10-30% Zn alloys should 
be accepted with more caution than those for which direct, 
supporting experimental data are available. 

Problems were encountered in attempts to develop reliable 
estimates of the lattice thermal conductivities of the alloys at 
high temperatures. Initially, the lattice components for the 
alloys were calculated by using White and Woods' [90,91] 
value of 35.0 W cm- 1 for the value of kgT of pure copper to 
determine ku(T') in eq (3S). However"calculations of the lat
ticecomponents from higher temperature measurements by 
Kemp et a1. [62, 88, 89] (curves 17-24 and 27-33) and Smith 
[92] (curves 1-13) of the total thermal conductivity and the 
electrical resistivity for the same alloy samples were as much 
as SO% higher than the values calculated using eq (35) with 
White and Woods' values for the lattice component of cop
per. It was found that this discrepancy could be reduced by 
increasing the" values for the lattice component of pure cop
per by SO% at high temperatures. This resulted in a much 
better agreement between experimental and calculated val
ues of the lattice component over the entire range of compo
sitions. However, because of this conflict between White and 
Woods' value for the lattice component of copper and the 
available experimental data for copper-zinc alloys, the lattice 
components of the dilute copper-zinc alloys are not reported 
at high temperatures. 

A graphical comparison of the recommended total thermal 
conductivity values with selected experimental data is given 
in figure 38. The smooth solid curves in the figure were ob· 
tained by interpolating the recommended values of table 17 
in order to obtain thermal conductivity values for the desired 
alloy compositions. As shown in figure 38, the recommended 
values are in agreement with the data of Smith [92] (curves 
2-8, and II), of Bailey [1S1] (curve IS), of Kemp et a1. [88] 
(curves 18, and 20-22), of Kienspe [83J «(;urv~ (7), and u[ 

Lomer [161] (curves 82 and 84-86) to within 14%. There is a 
difference of 21 % at 20 K between experimental curve 80 
and the recommended curve for 1% Zn, hut curve 80 i" not 
well documented because we did not have access to the pri
mary data and it is not consistent with curve 81 from the 
same reference. On the other hand, taking account of the dif
ferences in composition, curve 18 for 1.63% Zn supports the 
recommended curve for 1 % Zn. Also, the recommended 
curves for O.S and 1 % Zn show local minima not exhibited by 
the experimental curve::;; huw~vt:r, in prindplt: lht:re i!:i IlU 

reason why these minima should not occur if the lattice com
ponent is large enough and tht(re is evidence that the lattice 
component is significant in this alloy "ystem. 

The recommended values fork, ke, and kg are tabulated in 
table 17 for nine alloy compositions ranging from O.SO to 
30% Zn. These values are for alloys which have not been 

J. Phys. Chem. R.f. Data, Vol. 7, No.3, 1978 



1086 HO ET AL. 

severely cold worked or quenched. The values for k are also 
presented in figure 39, covering the temperature range from 
4 to 700 K. The values of residual electrival resistivity for the 
alloys are also given in table 17. The. uncertainties of the k 
values are stated in a footnote to table 17, while the uncer-

J. Phys. Chem. Ref. Data, Vol. 7, No.3, 1978 

tainties of the ke and kg values are indicated by their being 
designated as recommended or provisional values. The 
ranges of uncertainties of recommended and provisional 
values are less than ±15% and betw~en ±15% and ±30%, 
respectively. 
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TABLE 17. RECO]VIMENDED THERMAL CONDUCTIVITY OF COPPER-ZINC ALLOY SYSTEMt 

[Temperature, T, K; Thermal Conductivity, .k, W cm-1 K-l; Electronic Thermal Conductivity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W em-1 K-l] 

--~~ 

Cu: 99. 50% (99.51 At. %) Cu: 99.00% (99.03 At. %) 
Zn: 0.50% ( 0.49 At.%) Zn: 1. 00% ( O. 97 At. %) 

Po = O. 1500 pO cm Po = 0.2650 /lOcm 

T k k k T k k k 
e g e g 

4 0.675* 0.651 0.0235:(: 4 0.389 0.369 0.0196:1: 
6 1.03* 0.977 0.0565:1: 6 0.603 0.553 0.0498:1: 
8 1.40* 1.30 0.104~ 8 0.834 0.738 0.0960:(: 

10 1. 79* 1. 63 0.160~ 10 1. 07 0.922 0.148:1: 
15 2.73* 2.44 0.290~ 15 1. 64 1.38 0.264:(: 

20 3.65* 3.26 O. 385~ 20 2.13 1. 78 0.346:1= 
25 4.13* 3.68 0.447~ 25 2.46 2.06 0.399:1= 
30 4.56* 4.07 0.489* 30 2.80 2.36 0.434:1: 
40 4. 704~ 4.16 0.533* 40 3.14 2.68 0.468:1: 
50 4.69* 50 3.29 

60 4.30* 60 3.23 
70 4.08* 70 3.16 
80 3.90* 80 3.13 
90 3.87* 90 3.13 

100 3.88* 100 3.18 

150 3. 81>~ 150 3.34 
200 3.79* 200 3.47'" 
250 3.77* 250 3.50", 
273 3.76* 273 3.52 
300 3.76 300 3.54 

350 3.75 350 3.56 
400 3.74 400 3.57 
500 3.70 500 3.57 
600 3.67* EOO 3.57>; 
700 3.65>): 700 3. 57>~ 

~--

t Uncertainties in the total thermal. conductivity, k,are as follows: 
99. 50 Cu - O. 50 Zn: ± 14%. 
99.00 Cu - 1.00 Zn: ± 14%. 
97. 00 Cu - 3. 00 Zn: ± 14%. 
95.00 Cu - 5. 00 Zn: ± 100/0 l:elow 300 K and ± 5% above 300 K. 

:1: Provisional value. 

* In temperatUre range where no experimental thermal ()onductivity data are available. 

Cu: 97.00% (97.08 At. %) Cu: 95.00% (95.13 At. %) 
Zn: 3.00% ( 2.92 At. %) Zn: 5.00% ( 4. 87 At. %) 

Po = 0.705 /lOcm Po = 1. 090 /lO em 

T k k k T k k k 
e g e g 

4 0.152 0.139 0.0129 4 0.101 0.0897 0.0114 
6 0.242 0.208 0.0341 6' 0.162 0.134 0.0280 
8 0.345 0.277 0.06/77 8 0.232 0.179 0.0530 

10 0.453 0.347 0.106 10 0.309 0.224 0.0850 
15 0.705 0.520 0.185 15 0.496 0.336 0.160 

20 0.945 0.69.3 0.252 20 0.667 0.448 0.219 
25 1.15 0.853 0.29s:F 25 0.808 0.547 0.261:1: 
30 1.33 1.00 0.33:.:1= 30 0.935 0.645 0.290:1= 
40 1.64 1.27 0.366:1: 40 1.14 0.823 0.320:1: 
50 1.82 50 1. 30 0.968 0.327:1: 

60 1.89 60 1.39 1. 07 0.320:(: 
70 1.95 70 1.46 1.15 0.308:1: 
80 1.99 80 1. 51 1.22 0.295:1: 
90 2.05 90 1. 58 1. 29 0.284:1= 

100 2.11 100 1. 64 1. 37 0.274:1= 

150 2.42 150 1. 95 1.72 0.230:1: 
200 2.65 200 2.18 1.98 0.198:1: 
250 2.80 250 2.36 
273 2.85 273 2.41 
300 2.90 300 2.49 

350 2.97 350 2.58 
400 3.03 400 2.65 
500 3.11 500 2.77 
600 3.18'): 600 2.89* 
700 3.26>:< 700 2. 99~' 
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TABLE 17. F.ECOMMENDED THERMAL CONDUCTIVITY OF COPPER-ZINC ALLOYSYS1:EM (continued) t 

(Temperature, T, K; Thermal Conductivity, k, W cm-1 K-t; Electronic Thermal Conductivity, ke' W cm- t K-l; Lattice Thermal Conductivity, kg' W cm-1 K-1J 

Cu: 90.00% (90~25 At. %) Cu: 85.00% (85.36 At. %) 
Zn: 10.00% ( 9.75 At. %) Zn: 15.00% (14.64 At. %) 

Po = 1.840 p,Q em 'b = 2.380 /LO cm-

T k ke k g T k ke 

4 0.0640 0.0521 0.0109 4 0.0519 0.0411 
6 0.105 0.07~7 0.0254 6 O. 0865'~ 0.0616 
8 0.152 0.106 0.0461 8 0.127* 0.0821 

10 0.204 0.133 0.0708 10 Q.172"~ 0.103 
15 0.332 0.19~ 0.13:3 15 0.281>:' 0.154 

20 0.450 0.266 0.184 20 0.378* 0.205 
25 0.545 0.325 0.220 25 O. 455>'~ 0.252· 
30 0.631 0.388 0.24:3 30 0.520* 0.299 
40 0.762 0.502 0.259* 40 0.623>:' 0.389 
50 0.861 0.601 0.260:1: 50 0.699* 0.466 

60 0.938 0.682 0.256* 60 O. 761>'~ 0.534 
70 0.996 0.748 0.248:1= 70 0.811>:' 0.592 
80 1.05 0.81(1 0.238* 80 0.854 0.644 
90 1.10 0.869 0.22S¥ 90 0.898 0.697 

:i.00 1.15 0.93~ 0.2Hl:l= 100 0.943 0.751 

:.50 1.41 1.23 0.18:3* 150 1.16 1.00 
200 1.62 1.47 0.158* 200 1.35 1.21 
250 1.79 1. 65 0.140* 250 1.50 1.38 
273 1.86 1.72 0.13:3* 273 1.56 1.44 
300 1. 93 1. 80 0.125* 300 1.62 1. 51 

350 2.03 1. 92 0.114* 350 1. 73 1.63 
400 2.12 2.02 0.105:1: 400 1.81 1. 72 
500 2.29 2.20 0.0910:1: 500 1. 96 1.88 
600 2.41* 2.33 0.0806:1= 600 2.09>'0< 2.02 
700 2.51* 2.44 0.0725* 700 2.20* 2.14 

t Uncertainties in the total thermal conductivity, k, are as follows: 
90.00 eu - 10.00 Zn: ±10o/c below 300 K and ±5% above 300 K. 
85.00 eu - 15.00 Zn: ± 10% below 30C K and ± 5% above 300 K. 
80.00 eu - 20.00 Zn: ±14o/c below 70 K and ±10% above 70 K. 
75.00 eu - 25.00 Zn: ± 14% below 70 K and ± 10% above 70 K • 

:1= PrOvisional value. 

k g 

0.0108:1: 
0.0249:1: 
0.0448:1: 
0.0694:1: 
0.127:1: 

0.173* 
0.203:1: 
0.221:1: 
0.234:1: 
0.233:1= 

0.227:1: 
0.219:1: 
0.210:\: 
0.201:1= 
0.192:1= 

0.160:1= 
0.138* 
0.122* 
0.116:1= 
0.110* 

0.100:1: 
0.0925:1: 
0.0805:1= 
0.0716:1: 
0.0646:1= 

* In temperature range where no experimental thermal conductivity data 'are available. 

Cu: 80.00% (80.45 At. %) Cu: 75.000;0 (75.53 At. %) 
Zn: 20.00% (Hl. 55 At. %) Zn: 25.00% (24.47 At. %) 

Po = 2. 840 /LO cm Po = 3.200 /LOcm 

T k k k T k k k e g e g 

4 0.0448 0.0344 0.0104:1: 4 0.0408 0.0305 0.0103:1: 
6 0.0759 0.0516 0.0243:1: 6 0.0646 0.0458 0.0238:1: 
8 0.113 0.0688 0.0441:1: 8 0.104 0.0611 0.0433* 

10 0.154 0.0860 0.0680:1: 10 0.144 0.0763 0.0672:1: 
15 0.254 0.129 0.125:1: 15 0.237 0.115 0.122:1: 

20 0.338 0.172 0.166* 20 0.313 0.153 0.160:1: 
25 0.402 0.212 0.190:1: 25 0.373 0.189 0.184:1: 
30 0.459 0.253 0.206:1: 30 0.422 0.225 0.197* 
40 0.546 0.329 0.217:1: 40 0.497 0.292 0.205:1= 
50 0.611 0.396 0.21M 50 0.556 0.353 0.203:1: 

60 0.660 0.452 0.208* 60 0.601 0.405 0.196* 
70 0.703 0.503 0.200* 70 0.638 0.450 0.188:1: 
80 0.742 0.550 0.192:1: 80 0.673 0.493 0.180* 
90 0.780 0.596 0.184:1= 90 0.707 0.535 0.172:1: 

100 0.818 0.643 0.176:1: 100 0.742 0.578 0.164:1: 

150 1.01 0.867 0.146:1: 150 0.918 0.782 0.136:1: 
200 1.18 1. 05 0.126* 200 1.07 0.951 0.118:1: 
250 1. 32 1.20 0.111* 250 1.20 1.09 0.104:1: 
273 1.37 1.26 0.106:1: 273 1.24 1.15 0.0992:1= 
300 1.43 1.33 0.100:1: 300 1. 30 1.20 0.0940:1: 

35'0 1.52 1.43 0.0918:1= 350 1.39 1.30 0.0859:1= 
400 1.60 1.51 0.0847:1: 400 1. 46 1.38 0.0793:1: 
500 1.73 1.66 0.0738:1= 500 1.59 1. 52 0.0692:1: 
600 1. 86* 1.79 0.0657:1: 600 1. 70 1.64 0.0617:1: 
700 1.96"" 1.90 0.0595:1: 700 1. 78 1.72 0.0559=1= 
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TABLE 17 • RECOMME~DED THERMAL CONDUCTIVITY OF COP?ER-ZINC ALLOY.SYSTEM. (continued) t 
[Temperature, T, K; Thermal Conductivi';y, k, W cm':"1 K-1; Electronic Thermal Conductivity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-l] 

---~~------

T 

4 
6 
8 

1.0 
15 

2.0 
25 
·30 
4.0 
50 

6.0 
7.0 
80 
9.0 

1.0.0 

150 
20.0 
250 
273 
300 

35.0 
4.00 
5.0.0 
6.0.0 
7.0.0 

Cu: 70.00% (70. 59 At. %~ 
Zn: 30 • .000/0 (29.41 At. % 

Po = 3.390p-Ocm 

k k k 
e g 

0 • .0389 0.0288 .0 • .01.01:1= 
.0 • .0667 0 •. .0432 .0 • .0235* 
0 • .0998 0 • .o57'T .0 • .0421:1= 
0.138 0 • .0721 .o • .o75~* 
.0.227 .0.1.08 .o •. 119~ 
.0.3.0.0 .0.144 .0.156:1: 
0.356 0.178 .0.1784 
.0.40.0 0.211 .0.1894 
.0.472 0.275 .0.1974 
.0.526 0.331 .0.1954 

0.566 0.378 Q.188~ 
0.6.01 .0.421 Q.18Q~ 

.0.633 .0.462 Q.172~ 
0.664 .0.500 .0.1644 
.0.697 0.541 .0 .. 156:f: 

0.'862 0 .. 732 .o.13.o:f: 
1.0.0 .0.892 .o •. 112:f: 
1.12 1 • .02 .0 • .0991:1= 
1.17 1 • .08 .o • .0942* 
1.22 1.13 .o • .o89~:1= 
1.3.0 1.22 Q. Q81'i* 
1.37 1 •. 29 .0.'.0755* 
.1.49 1.42 Q. Q65~* 
1.59 1.53 .o • .o58E:I= 
1.66 1.61 . .0 • .0534:1= 

total,therma: conductivity, k, are'as follows: 
7.0.·00 Cu -' 3.0 • .0.0 Zn: ± 14% b.eloW7.o K and ± 1.0% above 7.0 K. 

:f: Provisional value. 
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TABLE 18. THERMAL CONDUCTIVITY or COPPER + ZINC ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUR;E,:MENT INFORMATION 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Year SpecimeD- (weight ~rcent) Composition (continued), Specifications, and Remarks 

No. :No. Used Range,K Designation Cu Zn 

1 :12 Smith, C.S. 1930 L 319-494 90 99.64 0.35 0.02 Fe and 0.01 Pb; polycrystallij:le; cylindrical specimen 13.25 in. long 
and 0.750 in. diameter; grain size 0.070 mm.; annealed at 650 C for 1 hr, 
cooled in air; electrical conductivity 55.264 x 1040' cm-1 at 20 C. 

2 92 Smith, C.S. 1930 T 323-501 89 99.45 0.51 0.01 Fe and 0.01 Pb; similar to the above specimen except .grain size 0.110 ....J 

mm and electrical conductivity 53.325 x 104 0-1 cm-1 at 20 C. -4 
:t: 

92 Smith, C.S. 1930 L 324-494 73 98.93 0.95 0.02 Fe; similar to the above specimen except annealing temperature 700 C m 
3 :::10 

and grain size 0.120 mIn; electrical conductivity 47.685 x 1040' cm-1 at ~ 
20 C. » ,.. 

4 49, Smith, C. S. 1930 .:... 332-506 12 96.94 3.04 0.02 Fe; similar to the above specimen except annealing time 0.75 hr, grain n 92 size 0.100 mm, and electrical conductivity 36.607 and 25.21 x 104 0-1 cm-1 0 
at 20 and 200 C, respectively. Z 

5 49, Smith, C.S. 1930 :. 328-507 13 95.21 4.77 Similar to the above specimen except grain size 0.085 mm and electrical C 
c: 

92 conductivity 33. 062 and 23.31 x 104 0-1 cm-1 at 20 and 200 C, respectively. n 
-4 

6 92 Smith, C.S. 1930 L 328-510 14 90.07 9.91 0.01 Fe and O. 01 Pb; similar to the above specimen but grain size 1 mm <: 
and electrical conductivity 25.293 x 104 0-1 cm-1 at 20 C. ~ 

92 Smith, C.S. 1930 :.. 326-li04 15 83.20 16.76 0.03 Fe and O. 01 Pb; similar to the above specimen except grain size -< 7 
0.125 mm and electrical conductivity 20. ,108 x 104 0-1 cm-1 at 20 C. 0 

." 
8 92 Smith, C.S. 1930 327-510 16 79.62 20.35 0.01 Fe and 0.02 Pb; similar to the above specimen except grain size 

~ 0.190 mm. and electrical conductivity 18.459 x 104 0-1 cm-1 at 20 C. Z 
9 92 Smith, C.S. 1930 325-512 22 59.20 40.75 0.02 Fe and 0.03 Pb; same structure and dimensions as the above specimen; » 

grain size 0.070 mm; annealed at 650 C for 3 hr; cooled in furnace; :::10 

electrical conductivity 16.700 x 104 0-1 cm-1 at 20 C. -< 

10 92 Smith, C.S. 1930 328-508 85 50.30 49.49 0.01 Fe and O. 04 Pb; Similar to the above specimen but annealing time 2 hr, » ,.. 
grain size 16 rom, and electrical conductivity 23.812 x 104 0-1 cm-1 at 

,.. 
0 20 C. ': -< 

11 92 Smith, C.S. 1930 :.. 329-512 18 69.14 30.81 0.03 Fe and 0.02 Pb; same structure and dimensions as the above specimen; Vt 
annealed at 650 C for 0.75 hr, cooled in air; electrical conductivity -< 

Vt 
" 15.857 x 104 0-1 cm-1 at 20 C. -4 
':r m c 

12 92 Smith, C. S. 1930 L 329-511 21 65.43 34.53 0.01 Fe and 0.03 Pb; similar to the above specimen except grain size ~ (' 

n 0.080 mm and electrical conductivity 15.325 x 1040-1 cm-1 at 20 C. Vt 
:r 
II 

13 92 Smith, C. S. 1930 326-505 88 54.96 45.02 0.01 Fe; similar to the above specimen except annealing time 2 hr, grain ~ ..... 

;:II:J size 0.040 mm, and electrical conductivity 20.466 x 104 0-1 cm-1 at 20 C. 
~ 14 49 Smith, C. So. and 1935 L 293,473 19 66.24 33.72 0.03 Pb and 0.01 Fe; annealed at 650 C for 0.75 hr; electrical conductivity 
c Palmer, E. W. 15.63 and 12.24 x 104 0-1 cm1 at 20 and 200 C, respectively. a 
~ 15 151 Bailey, L. C. 1931 :.. 351-703 Brass 70/30 70 30 7 to 8 cm long and 0.585 cm in diameter; density 8.44 g cm-3 at 22 C. 
< 
~ 16 152 Lees, C.H. 1908 L 108-299 Brass 70/30 70 30 7 to 8 cm long and 0.585 cm in diameter; density 8.44 g cm-3 at 22 C. 
~ 17 88 Kemp, W.R.G., 1957 :.. 2.8-123 28 1. 63 ,.., 8 cm long and O. 5 cm in diameter; supplied by Johnson Matthey and Co. , 
Z Klemens, P. G., Tainsh, Ltd.; as drawn; residual electrical resistivity 0.425 J.LO cm. 0 

!A R.J., and White, G.K. 
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TABLE 18. THER:.vIAL CONDUCTIVITY OF COPPER + ZINC ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION ~ 

Cur. R3f. Method Temp. Name and Composition 
Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K Designation eu Zn 

18 88 Kemp, W.R. G., 1957 1 2.0-130 2 The above specimen annealed at 500 e for 4 hr in helium atmosphere; 
Klemens, P. G. , Tainsh, residual electrical resistivity O. 38 J.LO cm. 
R.J., and White, G.K. 

19 88 Kemp, W.R.G., et al. 1957 1 2.1-91 5S 5.37 Same dimensions and supplier as the above specimen; as drawn; residual 
electrical resistivity 1. 22 J,LO cm. 

20 88 Kemp, W.R.G., et al. 1957 1 2.5-91 5 The above specimen annealed at 500 e for 4 hr in a helium atmosphere; 
residual electrical resistivity 1. 12 J,LO cm. 

21 88 Kemp, W.R. G .• et al. 1957 1 1. 9-91 10 9.98 Similar to the above specimen except residual electrical resistivity 1. 88 
J,LO cm. 

22 88 Kemp, W.R. G., et al. 1957 1 1. 9-91 20 19.48 Similar to the above specimen except residual electrical resistivity 2.97 
J,LO cm. 

23 88 Kemp, W.R. G., et al. 1957 1 2.5-91 30S 31. 87 Same dimensions and supplier as the above specimen; as drawn; residual 
electrical resistivity 4. 31 J,LO cm. 

24 88 Kemp, W. R. G., et al. 1957 1 2.2-91 30 The above specimen annealed in a helium atmosphere at 500 e for 4 hrj 
residual electrical resistivity 3. 60 J.LO cm. 

25 153 Raeth, C.H. 1944 1 302-3:35 Brass Cylindrical specimen 2. 565 cm long and 5.017 cm2 in cross-sectional area. :x: 
0 

26 153 Raeth, C.H. 1944 1 314-344 Brass Cylindrical specimen 2. 570 cm long and 3.447 cm2 in cross-sectional area. m 
27 62 Kemp, W.R. G. , 1957 1 1. 9-121 2.06 8 cm long and 0.5 cm in diameter; drawn; annealed at 850 C for 4 hr; ~ 

Klemens, P. G., and electrical resistivity reported ~s 0.563, 0.873, and 2.273 J,LO cm at » 
Tainsll, R.J. 0, 90, and 293 K, respectively. :-

28 62 Kemp, W.R. G., et al. 1957 1 2.0-91 5.14 Similar to the above specimen except electrical reSistivity reported as 
1. 20, L 53, and 3.00 J,LO cm at 0, 90, and 293 K, respectively. 

29 62 Kemp, W.R.G., etal. 1957 1 2.2-91 10.26 Similar to the above specimen except electrical resistivity reported as 
1. 94, 2.31, and 3. 89J,LO cm at 0, 90, and 293 K, respectively. 

30 89 Kemp, W.R. G., et al. 1959 1 2.0-91 1 32 a-brass; machined from an annealed and torsionally deformed bar; elec-
trical resistivity 4~ 59, 5.11, and 7.27 J,LO cm at 4.2, 90, and 293 K, 
respectively. 

31 89 Kemp, W. R. G., et al. 1959 L 6.5-91 2 Similar to the above specimen except annealed (after machining) up to 250 C 
at a rate of 6 C min-1j electrical reSistivity 4.20, 4. 84, and 6.88 
J,LO cm at 4.2, 90, and 293 K, respectively. 

32 89 Kemp, W.R. G., et al. 1959 L 2.1-91 3 Similar to the above specimen except annealed (after machining) up to 290 C 
at a rate of 6 C min-1j electrical resistivity 3.90, 4.49, and 6.58 
J,LO cm at 4.2, 90, and 293 K, respectively. 

33 59 Kemp, W. R. G., et al. 1959 K 2.0-91 4 Similar to the above speoimen except annealed after machining up to 400 C 
at a rate of 6°C min-1 j electrical reSistivity 3.66, 4.27, and 6.31 
J.LO cm at 4.2, 90, and 293 K, respectively. 

34 63 Sedstrom, E. 1919 T 273,373 92.65 7.35 Rolled and drawn; annealed close to the melting point for 0.5 hr. 

35 63 Sedstrom, E. 1919 T 273,373 85.65 14.35 Similar to the above specimen. 

36 53 Sedstroni, E. 1919 T 273,373 72.11 27.89 Similar to the above specimen. 

37 a3 Sedstrom, E. 1919 T 273,373 66.97 33.03 Similar to the above specimen. 



TABL~ 18. THERMAL CONDUCTIVITY OF COPPER + ZINC ALLOYS -- SPEC[MEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Cur. Ref. Method Temp. Name and Composition 

No. No. Author(s) Year Used Range,K Specimen (weight percent) Composition (continued), Specifications. and Remarks 
Designation Cu Zn 

38 154 Eucken, A. and 1924 L 90,273 Red brass 82 18 Polycrystallinl:l; grain size 0.006 cm2; electrical conductivity 26.95 and 
Neumann, O. 17.50 x 104 0-1 cm-1 at 90 and. 273 K. respecth"ely. 

39 154 Eucken. A. and 1924 L 90,273 Red brass 82 18 Polycrystalline; grain size 0.11 cm2; electrical conductivity 27. 36 and 
Neumann, O. 17.75 x 104~rl cm-1. at 90 and 273 K, respecth"ely. 

40 155 Lomer, J. N. and 1959 L 2.3-:4.4 Brass 85 15 Q(-brass; 2.5 mm diameter and 4 cm long; prepared from Johnson Matthey 
Rosenberg, E.M. spectrographically standardized me:als by melting in vacuo, cooling, -I 

and swaging; annealed just below melting point for 40 hr. ::r: 
m 

41 155 Lomer, J.N. and 1959 L 2.3-4.5 Brass The above specimen drawn to produce 4. 6% strain. ;:Ia 

~ Rosenberg, E.M. > 
42 155 Lomer, J.N. and 1959 L 2.4-4.5 Brass The above specimen drawn to produce 10. 4!% strain. .... 

Rosenberg, E. M. n 
0 

43 155 Lomer, J.N. and 1959 L 2.3-4.4 Brass The above specimen drawn to produce 19. 8% strain. Z 
Rosenberg, E. M. 0 

95.4€ 4.54 Prepared from electrolytic copper containing implrities: O. ')15 Sb, 
C 

44 156 Aoyama, S. and Ito, T. 1940 L,R 78,273 1 n 
0.010 Fe, 0.007 S, 0.0008 As, and O. 0008 Pb; a-brass; annealed in N2 -I 

for 20 hr at 380-400 C; electrical conductivity 6. 00 and 3. 25 x 105 < 
0-1 cm- 1 at 78 and 273 K, respectively. =t 

~ 

45 156 Aoyama, S. and Ito, T. 1940 L,R 78,273 2 92.82 7.18 Similar to the above specimen except electrical conductivity 4. 59 and 
0 2.71 X 105 0-1 cm-1 at 78 and 273 K, respectively. -n 

46 156 Aoyama, S. and Ito, T. 1940 L,R 78,273 3 86.8~ 13.13 Similar to the above specimen except electrical conductivity 3. 56 and CCI 
2.29 X 105 0-1 cm-1 at 78 and 273 K, respectively. Z 

47 156 Aoyama, S. and Ito, T. 1940 L,R 78,273 4 82.51: 17.42 Similar to the above specimen except electrical conductivity 3.08 and » 
;:Ia 

2.03 X 105 0""1 cm-1 at 78 and 273 K, respectively. ~ 

48 156 Aoyama, S. and Ito, T. 1940 L,R 78,273 5 79. 7~ 20.27 Similar to the above specimen except electrical conductivity 3. 04 and » 
1. 99 x 105 0-1 cm-1 at 78 and 273 K, respectively. .... .... 

49 156 Aoyama, S. end Ito, T. 1940 L,R 78,273 6 75.44 24.56 Similar to the above specimen except electrical conductivity 2.83 and 0 
~ 

1. 87 X 105 0-1 cm-1 at 78 and 273 K, respectively. 
C/) 

~ 50 156 Aoyama, S. and Ito, T. 1940 L,R 73,273 7 70 30 Similar to the above specimen except electrical conductivity 2. 46 and ~ 
C/) 

." 1. 64 x.105 0-1 cm-1 at 78 and 273 K, respectively. -I 
:T m 
~ 51 156 Aoyama, S. and Ito, T. 1940 L,R 73,273 8 64.05 35.95 Similar to the above specimen except electrical conductivity 2.39 and 3: 
n 1. 57 x 105 0-1 cm-1. at 78 and 273 K, respectively. C/) 

:T 
CD 52 156 Aoyama. S. end Ito, T. 1940 L,R 73,273 9 62.3C 37.70 Prepared from the same orignal materials by the same fabr:cation method; ? a+ ,8-brass; electrical conductivity 2.63 and 1.61 x 1050-1 cm-1 at ;ID 

~ 78 and 273 K, respectively. 
0 53 156 Aoyama, S. E-nd Ito, T. 1940 L,R 73,273 10 59.9:3 40.07 Similar to the above specimen except electrical conductivity 3. 28 and 
So 1. 76 X 105 0-1 cmi at 78 and 273 K, respectively. ? 
< 54 156 Aoyama, S. and Ito, T. 1940 L,R 73,273 11 55.62 44.38 Similar to the above specimen except electrical conductivity 4. 73 and 
~ 2.05 X 1050-1 cm-1 at 78 and 273 K. respectively • ...., 

Z 55 156 Aoyama, S. and Ito, T. 1940 L,R 73,273 12 51. OE 48.91 ,8-brass; prepared from the same original materials by the same fabrica-
~ tion method; electrical conductivity 8.25 and 2.50 x 105 0-1 cm-1 at 
~ 78 and 273 K, respectively. 
:; 0 

-0 ...., 
CD (It 
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THERMAL CONDUCTIVITY OF COPPER + ZINC ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT! INFORMATION (continued) Q ""0 TABLE 18. ::r -0 

~ 0-

n 
::r Name and Composition CD Cur. Ref. Methcd Temp. 
? No. No. 

Author(s) Year Usee Range,=< Sp€cimen (weight percent) Composition (continued), Specifications, and Remarks 
;lU Designation Cu Zn 
~ 
0 56 157 Olsen, T. 1960 L 1. 3-4. 2 Z4 95.4 4.59 0.01 Pb; cylindrical specimen 10 cm long; machined; annealed for 21 hr at a 
~ 540 C; electrical resistivity 1. 13 and 1. 08 Iln cm at 1. 05 and 4.2 K, 

< respectively. 
0 

1960 L 1. 3-4. 2 Z15 84.53 15.43 0.02 Fe and 0.02 Pb; cylindrical specimen 10 cm long; machined; annealed :- 57 157 Olsen, T. 
:-' for 21 hr at 540 C; electrical resistivity 2.55 and 2.36 Iln .cm at 1. 05 
Z and 4. 2 K, respectively. p 
~ 58 157 Olsen, T. 1960 L 1. 4-4. 2 Z20 86.56 13.43 O. 01 Fe; cylindrical specimen 10 cm long; cold-worked and machined; 
-4) annealed at 500 C for 17 hr; electrical resistivity 2.73 and 2. 58 Iln cm 

'" at 1. 05 and 4.2 K, respectively. co 

59 157 Olsen, T. 1960 L 1. 3-4.1 Z30 69.95 30.02 0.02 Fe and 0.01 Pb; cylindric£! specimen 10 cm long; machined; annealed 
for 21 hr at 540 C; electrica~ resistivity 4.22 and 4.10 Iln cm at 1. 05 
and 4. 2 K, respectively. 

60 158 Gordon, J. E. and 1965 1.1-4.1 CDA alloy; 69.3± 30.7± 0.07 Si, 0.025 Pb, <0.01 each of Fe, Co, and Ni; strip specimen 0.0150 cm 
Amstutz, L. I. No. 260 0.5 0.5 in cross-section and 3.46 cm long; supplied by Chase Brass and Copper Co. ; 

cold-rolled cartri,ige brass of nominal grain size O. 025-0. 050 mm; 
electrical resistivity 3. 78 ar.d 6. 65110 cm at 4.2 K and room temperature, 
respectively. 

61 123 Materials in Design 1959 293.2 Gtding 94. 0- Ba!. Nominal composition; density 8.86 g cm-3• 
X 

Engineering 96.0 0 

62 123 Materials in Design 195£ 293.2 Com:nercial 89.0- Bal. Nominal composition; density 8. 80 g cm-3• 
m 
-t 

Engineering bronze 91. 0 ~ 
63 123 Materials in Design 1955 293.2 Red brass 84.0- Bal. Nominal composition, denSity 8.75 g cm-3. 

r-

Engineering 86.0 

64 123 Materials in Design 1959 293.2 Low brass 78.5- Bal. Nominal composition; density 8.66 'g cm-3• 
Engineering 81. 5 

65 123 Materials in Design 1959 293.2 Cartridge 68.5- Bal. Nominal composition; density 8.53 g cm-3• 
Engineering brass 71. 5 

66 123 Materials in Design 1959 293.2 Muntz metal 59.0- Ba!' Nominal composition; density 8.39 g cm-s. 
Engineering 63.0 

67 83 Kierspe, W. 1967 L 293.2 1. 54 Cylindrical specimen. 

68 159 Srivastava, B.N., 1969 L 17-92 1. 96 Prepared from spectrographica:ly pure rods of copper and zinc, supplied by 
Chatterjee, S., and Johnson Matthey and Co., L1rl, by sealing the metals in appropriate por-
Sen, S.K. tion in an evacuated quartz t1.:be, heating to 1100 C, shaking thoroughly, 

cooling to 900 C and maintairling for 5 days, rolled, annealed at 500 C for 
6 hr; residual electrical resistivity 0.549 Iln cm. 

69 159 Srivastava, B.N., et al. 1969 L 18-91 4.76 Same fabrication mebod as the above specimen; residual electrical resis-
tivity 1. 043 IlO cm. 

70 44 Griffiths, E. and 1928 L 337-498 B~r 4 60.7 38.5 0.5 Sn and O. 30 Mn; 1 in. diameter and 15 in. long; electrical resistivity 
Schofield, F. H. 9.3, 9.3, 10.0, 10.4, 10.9, and 11. 3 Iln cm at 20, 75, 100, 150, 200, 

and 250 C, respec:ively. 

71* 92 Smith, C. S. 1930 L 405-515 Bar 55 81.18 18.63 0.20 Sn, 0.02 Fe, and trace Pb; 0.750 in. diameter and 13.25 in. long; 
annealed at 700 C :or 2 hr; electrical ccnductivity 18.674 x 104 0.-1 cm-1 

at 20 C. 
>t< Not shown in figur~. 



TABLE 18. 'THERMAL CO~DUCTIV1TY OF COPPER + ZINC ALLOYS -- SPECIM:EN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Year Specimen (Weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K DesignaUon eu Zn 

72 92 Smith, C.S. 1930 L 3a-50S ,Bar '56 71.09 27.77 1. 02 Sn, 0.02 .Fe, and trace Ph; 0.750 in. diameter and 13.25 in. long; 
annealed at 7'00 C for 45miri; electrical conductivity 14.298 x 104 

0-1 cm-1 at 20 C. 

73* 92 Smith, C.S. 1930 L 320.;..517 Bar 57 59.85 39.36 ,0.70 Sn,O. 07'Pb, and 0.02 Fe; 0.750 in. diameter and 13.25 in. long; 
annealed at 650 C for 3 hr; electrical conductivity 15.146 x 104 .0-1 cm-1 

at 20 C. 
-t 

74 1:50 : D(maldson, J. W. 1925 L 363-702 70~30 brass 70.29 28.71 0.35 Sn, 0.34 Ph, and 0.31 Fe; 0.75 in. dia1lleter and 15.5 in. long; :t: 
m . machined from a dry sand-cast bar. XI 

75 160 T'adokoro, Y. 1936 P 4'1'9-S88 . Brass 71. 00 2S.43 0.25 :Pb, 0.24 Fe, and trace Ni and Si; 110 x 110 x 70 mm; annealed at 3: » 650 C for 1. 5,hr; density 8. 062 g cm-3; thermal conductivity values r-
calculated from measured thermal cllffusivity, specific heat capacity, 'n and density data. 0 

76 52 Charsley, P., Salter, .1968 L 1.S..,.4~2 a-brass 27.8 Polycrystalline; supplied by the International Research and Development Z 
0 J.A.M., and Leaver, Co., Ltd.; prepared by induction melting; annealed in vacuum at 750 C c: A.D.W. for 15 hrs, furnace cooled. n 
-t 

77 52 Charsley, P., et al. 1968 L 1.7-4.2 a-brass The above specimen deformed by tensile strain of 4.4%. <: 
78 120 Leaver, A.D. W. and 1971 L 2.1-4.1 :30 Zn Sim.j.lar to the specimen for curve No. 76; deformed by tensile strain of :::j 

Charsley, P. 3.2%. -< 
79* 161 Lomer, J,.N. 1958 10-100 0.1 Zn 99.9 0.1 Data taken from smooth curve presented by H. M. Rosenberg (180] • 0 

." 

SO 161 Lomer, J.N. 1958 10-100 1.0 Zn 99.0 1.0 Similar to above. CICI 

81 161 Lomer, J.N. 1958 :0-100 2.0 Zn 9S.0 2.0 Similar to above. Z » 82 161 Lomer, J.N. 1958 10-100 3.0 Zn 97.0 3.0 Similar to above. XI 
-< 83 161 Lomer, J.N. 1958 :0-100 4.5 Zn 95.5 4.5 Similar to above. 
> 84 161 Lomer, J.N. 1958 :0-100 7.2 Zn 92.S 7.2 Similar to above. r-
r-

85 161 Lomer, J.N. 1958 10-100 10.0 Zn 90.0 10.0 Similar to above. 0 
-< 

86 161 Lomer, J.N. 1958 ::'0-100 25.5 Zn 74.5 25.5 Similar to above. ~ 
'- -< 87* 172 Kapoor, A., Rowlands, 1974 L 0.57-4.0 a-Brass 69.4 30.6 Calculated composition (30 a/o Zn); 4 mm diameter x 12 cm long; cast in ~ ." -t :r J.A., and Woods, S.B. air, swaged to 0.25 in. diameter, and machined to size; cold worked; m ~ residual electrical resistivity 4. 59 JiJ cm. ~ n ~ =r 88"" 172 Kapoor, A., et ale 1974 L 0.52-3.9 a-Brass The above specimen annealed in argon at 600 K for 12 hr; residual elec-~ 

;3 trical resistivity 3.82 1J.,o cm. 
;:10 89* 172 Kapoor, A., et al. 1974 L O. '71-4.0 a-Brass The above specimen reannealed in argon at 700 K for 12 hr; residual ~ electrical resistivity 3.77 IJ.n cm. 0 a 90i> 172 Kapoor ,I A., et al. 1974 L 0.';'3-4.0 a-Brass The above specimen reannealed in argon at 1000 K for 12 hr; residual p 

electrical resistivity 3.86 IJ.n cm. < 
~ 91* 172 Kapoor, A., et ale 1974 L 0.68-4.0 Brass Single crystal; 3 mm diameter x 15 cm long; obtained from Windsor Metal 
~ Crystals Inc., Md.; residQ.al electrical resistivity 3.53 Un cm. 
Z 
~ 
~ * Not shown in figure. 
;; 0 ...... ..0 CD 

~ 
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4.7. Gold-Palladium Alloy System 

The gold-palladium alloy system forms a continuous series 
of solid solutions over the entire range of compositions and is 
free from the complicating effects of any kind of transforma
tions. 

There are 14 sets of experimental data available for the 
thermal conductivity of this alloy system. However, of the 
nine data sets available for Au + Pd alloys listed in table 20 
and shown in figure 45, five sets are merely single data points 
at room temperature, and all the five data sets available for 
Pd + Au alloys are single data points at room teinperature, as 
listed in table 21 and shown in figure 46_ 

The thermal conductivity of these alloys was first investi
gated by Schulze [93] (Au + Pd curves 1-5---and -Pd + Au 
curves 1-5) who measured the room-temperature thermal 
conductivity of these alloys at intervals of 10% ~ These data, 
which include the only experimental data for this system for 
palladium concentrations greater than 40%, are thought to 
be more than 20% too high in some cases. This judgment is 
based prirriarily on the fact that interpolation between the 
values for 30 and 40% Pd yields a value 27% greater than 
that obtained by Laubitz and van der Meer [85] (Au + Pd 
curve 8) on a specimen containing 34.95% Pd and is sup
ported by the fact that, after correcting for the lattice compo
nent, the Lorenz ratio for the specimen containing 40% Pd 
(55.24 At. % Pd) is 30% greater than the classical value. It is 
unlikely that band structure effects could cause such a large 
deVIation from the classical vallie for this composition at 298 
K. 

In contrast to this, the early meaSurements by Gruneisen 
and Reddemann [61] of the thermal conductivity at liquid 
hydrogen and liquid nitrogen temperatures of specimens 
containing 5, 10, and 39.9% Pd (Au + Pd curves 6-8) are 
thought to be close to the true values. The values calculated 
from eqs (12) and (35) are in good agreement with these 
measurements at those temperatures for which it was possible 
to calculate the lattice component. The investigation by 
Fletcher and Greig [84] of thp. thp.rmal ~onductivlty of 
palladium-silver alloys revealed that the strong electron
phonon interaction in palladium-rich alloys suppresses the 
low temperature lattice therm!ll conductivity, causing its 
maximum to occur at much higher temperatures than in 

J. PhYI. Chem. Ref. Data, Vol. 7, No.3, 1978 

silver-rich alloys. This elevation of the temperature of the 
maximum of the lattice component is believed to occur also in 
this alloy system. The evidence for this is that while the 
calculated and experimental data for the 5, 10, and 39.9% Pd 
(8.88, 17.06, and 55.24 At. % Pd) alloys differ by less than 5% 
at 80 K and whil,e the measured values at liquid hydrogen 
temperatures of the 5 and 10% Pd specimens are consistent 
with the calculated values at 30 K, the measured value for the 
39.9%Pd specimen is far below the calculated value for 30 K. 

At high temperatures the only measurements are those of 
Laubitz and van der Meer [85], but these range from 300 to 
1200 K and provide a test of t~e temperature dependence of 
the calculated values of the thermal conductivity of these al
loys in this region. While the slope of the calculated curve is 
slightly steeper than that of the experimental curve, the larg
est discrepancy between the calculated and experimental val
ues is less than 7 %; in view of the 3.5 % experimental error 
estimated for these measurements this is considered satisfac
tory agreement. 

A graphical comparison of the recommended total thermal 
conductivity values with some of experimental data is given 
in figures 4i and 42. For gold-rich alloys shown in figure 41, 
the recommended values are in agreement with the higher 
temperature portion of the data of Griineisen and 
Reddemann [61] (Au+Pd curves 6-8) to within 5%, with the 
data of Laubitz and Van der Meer [85] (Au + Pd curve 9) to 
within 7%, and with the data of Schulze [93] (Au + Pd curves 
3-5) to within 6 to 10%. For palladium-rich alloys shown in 
figure 42, the recommended values agree with the data of 
Schulze [93] to within 3%. 

The recommended values for k, ke, and kg are tabulated in 
table 19 for 25 alloy compositions. These values are for alloys 
which have not been severely cold worked or quenched. The 
ke values cover the full range of temperature from 4 to 1200 
K, whereas the k and kg values are not given for low tempera
tures. The values for k are also presented in figures 43 and 44 
and their uncertainties are stated in a footnote to table 19, in 
which the values of residual electrical resistivity for the alloys 
are also given. The uncertainties of the k" and. kif values are 

indicated by their being designated as recommended or pro
visional values. the ranges of uncertainties of recommended 
and provisional values are less than ±15% and between ±lS 
and ±30% respectively. 
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TABLE 19 • RECOMMENDED THERMAL CONDUCTIVITY OF GOLD-PALLADIUM ALLOY SYSTEMt 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal Conductivity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-l] 

Au: 99. 50% (99.08 At. %) Au: 99.00% (98.16 At. %) 
Pd: O. 50% ( 0.92 At. %) Pd: 1. 00% ( .1. 84 At. %) 

Po::: 0.3500 J,LO cm Po::: 0.680 ~Ocm 

r k ke kg T k ke k g 

4 0.279 4 0.144 
6 0.419 6 0.216 
8 0.558 8 0.287 

10 0.698 10 0.359 
15 1. 05 15 0.539 

20 1.40 20 0.719 
25 1. 39 25 0.784 
30 1. 57* 1.48 0.0917 30 0.955* 0.878 0.0774 
40 1. 68~' 1.60 0.0854 40 1.11* 1.04 0.0771 
50 1.79* 1.71 O. 07~3 50 1.23* 1.17 0.0656 

60 1.88* 1. 81 O. 07~6 60 1.34':< 1.28 0.0608 
70 1.96* 1.90 0.0684 70 1.43>'~ 1.38 0.0566 
80 2.02* 1. 95 0.06:38 80 1.51>''< 1.46 0.0529 
90 2.10* 2.04 0.0597 90 1.60* 1.55 0.0497 

100 2.16* 2.10 0.05G1 100 1.68* 1.64 0.0468 

150' 2.42* 2.37 0.0429 150 2.00* 1. 97 0.0366 
200 2.55* 2.52 0.0348 200 2.18* 2.15 0.0302 
250 2.64* 2.61 0.0292 250 2.30* 2.28 0.0258 
273 2.66* 2.63 0.0272 273 2.35* 2.33 0.0242 
300 2.68* 2.66 0.02.52 300 2.40':< 2.37 0.0226 

350 2.72* 2.69 0.0222 350 2.45"~ 2.43 0.0201 
400 2.75* 2.73 0.0198 400 2.51'1< 2.49 0.0181 
500 2.80* 2.78 0.OlG3 500 2.57* 2.55 0.0152 
600 2.79* 2.77 0.0139 600 2.62* 2.61 0.0130 
'rOO 2.75* 2.74 0.0121 700 2.62':< 2.61 0.0115 

800 2.71* 2.70 0.0107 BOO 2.59* 2.58 0.0102 
900 2.65* 2.64 0.0959 900 2.54* 2.54 0.00923 

1000 2.60* 2.59 0.00870 1[)00 2.52* 2.51 0.00841 
1100 2.53* 2.52 0.00796 1100 2.46>:< 2.45 0.00773 
1200 2.47* 2.46 0.00733 1200 2.41* 2.40 0.00715 

~--~~- -----~ -

t Uncertainties in the total thermal conductivity, k, are as follows: 
99.50 Au - O. 50 Pd: ± 14% oelow 60 K and ± 10% above 60 K. 
99.00 Au - 1. 00 ?d: ± 14% '::>elow 60 K and ± 10% above 60 K. 
97.00 Au - 3. 00 Pd: ± 14% oelow 60 K and ± 10% above 60 K. 
95.00 Au - 5. 00 Pd: ± 14% below 60' K and ± 10% above 60 K • 

Au: 97. 00% (94. 58 At. %) 
Pd: 3. 00% ( 5.42 At. %) 

Po::: 2. 010 ~Ocm 

T k k k e g 

4 0.0486 
6 0.0729 
8 0.0972 

10 0.122 
15 0.182 

20 0.243 
25 0.292 
30 0.401* 0.342 0.0593 
40 O. 489"~ 0.436 0.0534 
50 0.567* 0.518 0.0488 

60 0.643':' 0.598 0.0451 
70 0.715>'" 0.673 0.0419 
80 0.779* 0.740 0.0392 
90 0.846* 0.809 0.0369 

100 0.910* 0.875 0.0349 

150 1.19>''' 1.16 0.0278 
200 1.40* 1.38 0.0234 
250 1.57* 1. 55 0.0203 
273 1. 63"" 1. 61 0.0192 
3<¥> 1. 70'~ 1. 69 0.0181 

350 1.81"" 1.79 0.0163 
400 1. 91* 1.89 0.0149 
500 2.04* 2.03 0.0128 
600 2.14"" 2.13 0.0113 
700 2.20* 2.19 0.0101 

800 2.22':< 2.21 0.00914 
900 2.23"" 2.22 0.00837 

1000 2.23~' 2.22 0.00772 
1100 2. 21"~ 2.21 0.00717 
1200 2.19'~ 2.18 0.00670 

~~----- ---- -~-----

"~In temperature range where no experimental thermal conductivity data are available. 

---

Au: 95.00% (91. 12 At. %) 
Pd: 5.00% ( 8.88 At. %) 

Po= 3. 270 /.LO cm 

T k k k e g 

4 0.0299 
6 0.0448 
8 0.0598 

10 0.0747 
15 0.112 

20 0.149 
25 0.182 
30 0.269 0.211;) 0.0535 
40 0.328 0.280 0.0479 
50 0.382 0.339 0.0436 

60 0.436 0.396 0.0402 
70 0.488 0.451 0.0374 
80 0.537 0.502 6.0350 
90 0.587 0.554 0.0329 

100 O. 635>'~ 0.604 0.0312 

150 0.857* 0.832 0.0249 
200 1. 04"~ 1.02 0.0211 
250 1.20* 1.18 0.0184 
273 1.27* 1.25 0.0175 
300 1. 33* 1.32 0.0165' 

350 1. 45"" 1. 43 0.0150 
400 1. 55~< 1.54 0.0137 
500 1. 70>:< 1. 69 0.0119 
600 1. 82"~ 1.81 0.0105 
700 1. 90>!< 1.89 0.00949 

800 1. 95>:< 1.94 0.00866 
900 1. 99':' 1. 98 0.00797 

1000 2. 01'~ 2.00 0.00740 
1100 2. 01"~ 2.01 0.00691 
1200 2.00>:' 2.00 0.00649 
~~- -~ --
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TABLE 19 • RECOMMENDED THERMAL CONDUCTIVITY OF GOLD-PALLADIDM ALLOY SYSTEM (continued) J. 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal Conductivity, :{e' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-l] 

Au: 90.00% (82. 94 At. %) Au: 85.00% (75.38 At. %) 
Pd: 10.00% (17.06 At.%) Pd: 15. 00% (24. 62 At. %) 

Po = 6.160 p.Ocm. Po = 8.65 p.Oem 

'I.' k ke k 
g 

T k ke 

4 0.0159 4 0.0113 
6 0.0238 6 0.0169 
8 0.0317 8 0.0226 

10 0.0397 10 0.0282 
15 0.0595 15 0.0424 

20 0.0793 20 0.0565 
25 0.0965 25 0.0694 
30 0.164 0.115 0.0489 30 0.0829 
40 0.195 0.151 0.0435 40 0.152* 0.109 
50 0.226 0.187 0.0395 50 0.174* 0.135 

60 0.258 0.222 0.0363 60 0.197>:C 0.161 
70 0.290 0.256 0.0338 70 0.220* 0.186 
80 0.320 0.289 0.0316 80 0.242* 0.211 
90 0.351 0.322 0.0298 90 0.265* 0.235 

100 0.383* 0.354 0.0282 100 0.287* 0.259 

150 0.529* 0.506 0.0227 150 0.397* 0.375 
200 0.660* 0.640 0.0193 200 0.500* 0.481 
250 0.778* 0.761 0.0170 250 0.594* 0.577 
273 0.829* 0.813 0.0161 273 0.635* 0.169 
300 0.886 0.871 0.0153 SOO 0.682* 0.666 

350 0.983* 0.969 0.0139 S50 0.762* 0.748 
400 1. 07* 1.06 0.0128 400 0.838>'.< 0.826 
500 1.22* 1.21 0.0112 500 0.966* 0.955 
600 1.34* 1.33 0.00999 600 1. 08* 1.07 
700 1.44* 1.43 0.00907 700 1.17* 1.16 

BOO 1.51* 1.50 0.00832 EOO 1. 25* 1.24 
900 1. 57* 1.56 0.00771 ~OO 1.31* 1.30 

1000 1.61* 1.61 0.00720 1000 1.37* 1.36 
1100 1. 64* 1. 64 0.00676 1100 1.41* 1.40 
1200 1.66* 1.66 0 .. 00637 1200 1. 43* 1.43 

t Uncertainties in the total thermal conductivity, k, are as follows: 
90.00 Au - 10.00 Pd: ± 14% below 150 :{ and ± 10% above 150 K. 
85. 00 Au - 1.5. 00 Pd: :I: 14% below 150 :< and ± 10% above 150 K. 
80.00 Au - 20.00 Pd: ± 14% below 150 :{ and :I: 100/0 above 150 K. 
75.00 Au - 25.00 Pd: ± 14% below 150 3:and ± 100/0 above 150 K. 

k 
g 

0.0429 
0.0389 

0.0358 
0.0333 
0.0312 
0.0294 
0.0279 

0.0225 
0.0192 
0.0169 
0.0161 
0.0152 

0.0139 
0.0129 
0.0113 
0.0101 
0.00917 

0.00844 
0.00784 
0.00733 
0.00690 
0.00652 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
~OO 

500 
600 
700 

800 
900 

1000 
1100 
1200 

* :n temperature range where no experimental thermal conductivity data are available. 

Au: 80.00% (68.36 At.%) Au: 75.00% (61.84 At. %) 
Pd: 20.00% (31. 64 At. %) Pd: 25.00% (38.16 At. %) 

Po = 10.85 J.LOcm Po = 12.74 p.O em 

k ke k T k k k g e g 

0.00901 4 0.00767 
0.0135 6 0.0115 
0.0180 8 0.0153 
0.0225 10 0.0192 
0.0338 15 0.0288 

0.0450 20 0.0384 
0.0554 25 0.0474 
0.0663 30 0.0566 
0.0876 40 0.0749 

0.148* ·0.109 0.0396 50 0.0929 

0.166* 0.129 0.0364 60 0.148* 0.111 0.0376 
0.184* 0.150 0.0339 70 0.163* 0.128 0.0350 
0.202* 0.170 0.0317 80 0.178* 0.146 0.0328 
0.220* 0.190 0.0299 90 0.194* 0.163 0.0310 
0.238* 0.209 0.0284 100 0.209* 0.180 0.0294 

0.327* 0.304 0.0230 150 0.285* 0.261 0.0238 
O. 412~' 0.392 0.0196 200 0.35':'>:< 0.337 0.0204 
0.491* 0.473 0.0173 250 0.423* 0.405 0.0180 
0.528':- 0.512 0.0165 273 0.452* 0.435 0.0171 
0.565 0.549 0.0156 300 0.486* 0.470 0.0162 

0.631* 0.617 0.0143 350 0.544* 0.529 0.0149 
0.695>:< 0.682 0.0132 400 0.599* 0.586 0.0138 
0.806* 0.795 0.0116 500 0.698* 0.686 0.0121 
0.909* 0.899 0.0104 600 0.785* 0.774 0.0108 
0.996* 0.986 0.00947 'i00 0.861* 0.851 0.00989 

1.07» 1.06 0.00873 800 0.92'i* 0.918 0.00912 
1.13>: 1.12 0.00812 900 0.981* 0.973 0.00849 
1.19>: 1.18 0.00760 1000 1.03* 1.02 0.00796 
1.23>: 1.22 0.00716 1100 1.06* 1.{)5 0.00750 
1.26>: 1.25 0.00678 1200 1.09* 1.09 0.00711 
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TABLE 19. RECOMMENI:ED THERMAL CONDUCTIVITY OF GOLD-PALLADIDM ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1; Electronic Thermal Conductivity, ke' W cm-1 K-1; Lattice Thermal Conductivity, kg' V1 cm-1 K-l) 

Au: 70. 00% (55.76 At. %) Au: 65.000/0 (50.08 At. %) 
Pd: 30.00% (44.24 At.%) Pd: 35. 00% (49.92 At. %) 

Po = 15.00 #La em Po = 20. 57 #La em 

T k ke k T k ke g 

4 0.00652 4 0.00475 
6 0.00977 6 0.00'713 
8 0.01:30 8 0.00950 

10 0.0163 10 0.01:'9 
15 0.O2~4 15 0.0178 

20 0.0326 20 0.0238 
25 0.0402 25 0.0294 
30 0.0481 30 0.0352 
40 0.06:37 40 0.0466 
50 0.0790 50 0.05179 

60 0.133* 0.09~2 0.0393 60 0.0688 
70 0.146* 0.109 0.0365 70 0.0797 
80 0.158* 0.124 0.0343 80 0.127':': 0.0905 
90 0.171* 0.138 0.0323 90 0.135':< 0.10:. 

100 0.184* 0.153 0.0307 100 O.lM>): 0.112 

150 0.246* 0.221 0.0249 150 0.183>!< 0.162 
200 0.306* 0.285 0.0213 200 0.231'): 0.209 
250 0.361* 0.342 0.0188 250 0.272* 0.252 
273 0.385* 0.367 0.0179 273 0.29)>): 0~27':' 
300 0.412* 0.396 0.0170 300 0.311 0.293 

350 0.461':< 0.445 0.0156 350 0.349 0.333 
400 O.50r·): 0.492 0.0144 400 0.387 0.37:' 
500 0.589* 0.577 0.0127 500 0.46J 0.4417 
600 0.662* 0.651 0.0114 600 0.531 0.519 
700 0.729* 0.7H 0.0104 700 O. 59~ 0.588 

800 0.789* 0.71£ 0.00959 800 0.66J 0.650 
900 0.842* 0.83~ 0.00893 900 0.715 0.706 

1000 0.888>',< 0.880 0.00838 1000 0.767 0.758 
1100 0.930* 0.92.2 0.00790 1100 0.815 0.80';' 
1200 0.972* 0.965 0.00749 1200 0.864 0.856 

t Uncertainties in the total thermal conductivity, k, are as follows: 
70.00 Au - 30.00 Pd: ± 14% below 150 K and :I:: lOro above 150 K. 
65.00 Au - 35.00 Pd: ± 14% below 150 K and:l:: 10% above 150 K. 
60.00 Au - 40.00 Pd: ±20% below 150 K and:l: 15ro above 150 K. 
55.00 Au - 45.00 Pd: :1:15%. 

:t: Provisional value. 

k g 

0.0360 
0.0340 
0.0323 

0.0262 
0.0224 
0.0199 
0.0189 
0.0179 

0.0164 
0.0152 
0.0134 
0.0120 
0.0110 

0.0101 
0.00944 
0.00885 
0.00835 
0.00792 

T 

4 
6 
8 

10 
15 

20 
25 
;30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 , 
350 
400 
500 
600 
700 

800 
900 

1000 
1100 
1200 

.:c In temperature range where no experimental thermal conductivity data are available. 

Au: 6). 000/0 (44.76 At. %) Au: 55.00% (39.77 At. %) 
Pd: 4[).00% (55.24 At. %) Pd: 45.00% (60.23 At. %) 

Po = 23. 55 IlQ em Pc :::: 23. 19 Il:l cm 

k ke k T g k k k 
e g 

0.00-U5 4 0.00421 
0.00622 6 0.00632 
0.00830 8 0.00843 
0.0104 10 0.0105 
0.0156 15 0.0158 

0.0207 20 0.0211 
0.0257 25 0.0261 
0.0308 30 0.0312 
0.0408 40 0.0413 
0.0507 50 0.0512 

0.0605 60 0.0608 
0.0701 70 0.0703 

O.l1rl: 0.0793 0.0381 80 0.0796 
0.125* 0.0887 0.0360 90 0.0889 
0.132*:1= 0.0980 :t: 0.0341* 100 0.0976 

0.169·:.::1= 0 •. 142:1= 0.0277:\: 150 0.169** 0.140* 0.0295:\: 
O. 205>'~* 0.182:1= 0.0238* 200 0.204:>"4 0.178 :1: 0.0253:1: 
0.24[)** 0.219:1: 0.0210:\: 250 0.236>:,* 0.213:1= 0.0224:1= 
0.255*:1= 0.236:1: 0.0200:1= 273 0.25(»)'~:I= 0.229:1: 0.0213:1: 
0.27:14 0.255:1= 0.0190:\: 300 0.267'l::\: 0.247* 0.0202:\: 

0.303>:4 0.291:1= 0.0174* 350 0.293** .0.280:1= 0.0185 :I: 
0.341*:1= 0.325:1= 0.0161:\: 400 0.32g*:I: 0.311 :I: 0.0172:1: 
0.405** 0.39::.:1= 0.0142:\: 500 0.385>:4 0.370:1: 0.0151 :\: 
0.467*1= 0.455* 0.0128:\: 600 0.441':<:1= 0.421:f: 0.0136 :f: 
0.52g** 0.51':':1: 0.0116:\: 700 0.495>:<* 0.483:1= 0.0124:1: 

0.587** 0.576:1: 0.0107:1: 800 0.546,:4 0.535:\: 0.0114:1: 
0.64[)*:\: 0.630:1: 0.0100:\: 900 0.593>:<:1= 0.582 :1= 0.010H 
0.683>:4 0.679* 0.00939* 1000 0.634** 0.624 :1= 0.0100:1: 
0.734>:<* 0.725:1= 0.00886* 1100 0.68D>:<:\: 0.671:1: 0.00943:1: 
O. 78~** 0.773:1= 0.00840* 1200 0.724*:1= 0.715:1: 0.00894* 

----
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TABLE 19. RECO:MM:ENDED THERMAL CONDUCTIVITY OF GOLD-PALLADIUM ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W crr,-l K-l; Electronic Thermal Conductivity, ~:e' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-l] 

-~ 

Au: 50. 00% ( 35. 07 At. %) Au: 45.00% (30. €5 At.%) 
Pd: 50. 00% (64. 93 At.%) Pd: 55.000/0 ( 69.25 At.%) 

Po = 21. 54 JLOcm Po = 19.33 JLO cm 

T k ke k 
g T k ke k g 

4 0.00454 4 0.00505 
6 0.00681 6 0.00758 
8 0.00907 8 0.0101 

10 0.0113 10 0.0126 
15 0.0170 15 0.0190 

20 0.022';' 20 0.0253 
25 0.0281 25 0.0313 
30 0.0336 30 0.0373 
40 0.0444 40 0.0492 
50 0.0548 50 0.0605 

60 0.0649 60 0.0714 
70 0.0748 70 0.0820 
80 0.0845 SO 0.0923 
90 0.0941 90 0.102 

100 0.103 100 0.112 

150 0.178** 0.146~ 0.0315:1= 150 0.156 
200 0.211*:1= 0.184:1: 0.0270:1= 200 0.223*:1= 0.194~ 0.0290* 
250 0.242** 0.218:1: 0.0239:1= 250 0.254»:* 0.228 f 0.0257* 
273 0.255*:1= 0.232~ 0.0228* 273 0.269*:f:: 0.244~. 0.0245:f:: 
300 0.2711= 0.249~ 0.0216* 300 0.283>:<* 0.260*. 0.0232* 

350 0.301*:1: 0.281~ 0.0198* 350 0.312** 0.291* 0.0213* 
400 0.329*:\: 0.31H 0.0184:\: 400 .0.340** 0.320~ .0.0197* 
500 0.383,4 0.367~ 0.0161* 500 0.392>:<:1= 0.375* 0.0173* 
600 0.435** 0.420* 0.0145* 600 0.442** 0.426* 0.0156* 
700 0.483x :(: 0.470~ 0.0132* 700 0.488** 0.474* 0.0142:1= 

800 . 0.529"* O. 517~ 0.0122* 800 0.531*:1= 0.518* 0.0131* 
900 0.5724 0.561~ 0.0114* 900 0.571>:<:1: 0.559:: 0.0122* 

1000 0.615** 0.604~ 0.0107:\: 1000 0.6091,<:\: 0.59S* 0.0115:\: 
1100 0.657":\: 0.647~ 0.010H 1100 0.639*:1= 0.628:: 0.0108* 
1200 0.701":\: 0.6924 0.00955:1= 1200 0.686'.<* 0.676* 0~0102* 

t Uncertainties in the total thermal conductivity, k, are as follows: 
50.00 Au - 50.00 Pd: ±15%. 
45.00 Au - 55. 00 ::?d: ± 15%. 
40.00 Au - 60.00 Pd: ± 15%. 
35.00 Au - 65. 00 Pd: ± 15%. 

* Provisional value. 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
SO 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1100 
1200 

* In temperat'lre range where no experimental thermal conductivity data are available. 

-_.- - -------~ 

Au: 40.00% (26.48 At. %) Au: 35.000/0 (22. 53 At. %) 
Pd: 60.00% (73. 52 At. %) Pd: 65.00% (77.47 At. %) 

Po = 17.00 JLOcm Po = 14.70 JLOcm 

k ke k T k k k 
g e g 

0.005';'5 4 0.00665 
0.00862 6 0.00997 
0.0115 8 0.0133 
0.0144 10 0.0166 
0.0216 15 0.0249 

0.028';' 20 0.0332 
0.0353 25 0.0408 
0.0421 30 0.0486 
0.0553 40 0.0635 
0.0678 50 0.0776 

0.0798 60 0.0908 
0.0914 70 0.103 
0.103 SO 0.116 
0.114 90 0.127 
0.124 100 0.139 

0.170 150 0.187 
0.24H4 O.209f 0.0314:1= 200 O. 261~4 0.227f 0.0342 :j: 
0.271*':t: 0.243f 0.027S* 250 O. 291'~* 0.26lf 0.0302 :1= 
0.284*:t: 0.258* 0.0265:f:: 273 0.304>:4 0.275* 0.0288 :1= 
0.300t 0.274* 0.0251:1: 300 0.319':<:\: 0.292:: 0.0273 * 

O. 329\~:t: O.306:!: 0.0230:1= 350 O. 349'~* 0.324): 0.0250 :1= 
0.357<<:t: 0.335:: 0.0213:1= 400 O.374';<:\: 0.351:: 0.0231 :I: 
0.409** 0.39H 0.0187:1= 500 0.432>:4 0.412): 0.0203 :j: 
0.459** 0.443* 0.0168* 600 0.482':4 0.464:: 0.0183:1= 
0.506«:1= 0.490* 0.0153:1= 700 0.528** 0.512:!: 0.0166* 

0.549,:.:t: 0.535:: 0.0141:1: 800 0.570,:<:1= 0.554:: 0.0153:1= 
0.5881,<* 0.575:: 0.0132:1= 900 0.609,:4 0.594:: 0.0143:1= 
0.626<4 0.614::: 0.0123* 1000 0.646** 0.633:!: 0.0134:1= 
O. 663'~:I= 0.652:: 0.0116* 1100 O. 683'~:t: 0.671:: 0.0126 :\: 
0.700*,* 0.689:: 0.0110* 1200 0.719** 0.707:: 0.0120 * 
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TABLE 19. RECOMMENDED THERMAL CONDUCTIVITY OF GOLD-PALLADIUM ALLOY SYSTEM (continued) t 
[Temperature, T, K; Thermal Conductivity, k, W em-1 K-1; Electronic Thermal Conductivity, ke' W cm-1 K-1; Lattice Thermal Conductivity, kg' W cm-1 K-l] 

Au: '30,.0,0,0/0 (18.80, At. 0/0) Au: 25.0,0,0/0 (15.26 At. 0/0) 
Pd:' ,70,. 0,0,0/0 (81.20, At. 0/0) Pd: 75.0,0,0/0 (84.74 At. 0/0) 

Po = 13. DO, IJOcm Po = 10,.19 p.Ocm 

T k ke k g T k ke k g 

4 0,.0,0,752 4 0,.0,0,959 
6 0,.0,113 6 0,.0,144 
8 0,.0,150, 8 0.0,192 

10, D.D1B8 10, 0,.0,240, 
15 D.D2B2 15 0,.0,360, 

20, ,0,.0,376 20, 0,.0,479 
25 0,.0,459 25 0,.0,584 
3D 0,.0,545 3D 0,.0,692 
40, 0,.0,710, 40, 0,.0,897 
50, 0,.0,864 50, '0,.10,8 

60 0,.10,1 60, 0,.125 
70, 0,.114 70, 0,.140, 
80, 0,.128 80, 0,.155 
90, 0,.140 90, 0,.170, 

10,0, 0,.152 10,0, 0,.183 

150, 0,.202 150, 0,.236 
20,0, D. 28o'~~:I= D.243:\: D.o'376:\: 20,0, 0,.319** o'~278* 0,.0,418 :1= 
250, O,. 311'~:I= 0,.277=1: 0,.0,332:1= 250 o'.349,:<:f: 0,.312:1= 0,.0,369:1= 
273 0,.324':<:1= 0,.292=1: D.D316:\: 273 o'. 361'~:\: o'.32M 0,.0,351 :1= 
30,0, D.34H D.31H o'.D3DD:\: 30,0, o'.377':<:\: 0,.344:1= 0,.0,333 * 

350, D. 372~~:I= 0,.344:1= 0,.0,274:1= 350, 0,.408>:4 0,.378:1= 0,.0,304:1= 
40,0, O,.4D2*:\: 0,.377=1: 0,.0,254=1: 40,0, 0,.438*:1= D.4o'9:\: 0,.0,282 * 
50,0, D. 459~~:I= 0,.437=1: 0,.0,223:1= 50,0, 0,.492,:4 0,.467:1= 0,.0,247:1= 
60,0, 0,.511,:4 0,.491* 0,.0,20,0,:1= 60,0, 0,.542':<* 0,.520,:1= 0,.0,221:1= 
70,0, D.557':':\: D.539:\: 0,.0,182* 70,0, D. 588*:\:, D. 568:\: 0,.0,20,1 :\: 

80,0, 0,.60,2>:4 0,.585* 0,.0,168:1= 80,0, 0,.633,:4 0,.615=1: D.D185:\: 
90,0, O,. 645~~:\: D.629:\: 0,.0,156* 90,0, 0,.677*:1= 0,.660:1= 0,.0,172:1= 

100,0, O,. 681~,,:I= 0,.667* 0,.0,146:1= 10,0,0, D~ 716>:4 0,.70,0,* 0,.0,161 :1= 
110,0, 0,.718':4 0,.704:1= 0,.0,138:1= 110,0, 0,.754':<:1= D.73M 0,.0,152 * 
120,0, 0,.753>:':1= 0,.740=1: 0,.0,130,:1= 120,0, 0,.791':<:1= 0,.776:1= 0,.0,144:1= 

- --------_._---------- --

t Uncertainties in the total thermal conductivity, k, are as follows: 
3D. DO" Au - 70,.0,0 Pd: ± 150/0. 
25. DO, Au - 75. DO Pd: ±150/0. 
20,.0,0 Au - 80".0,0 Pd: ±15%. 
15.0,0, Au - 85. DO Pd: ±150/0. 

~ Provisional value. 

T 

4 
6 
8 

10 
15 

20, 
25 
3D 
40, 
50 

60, 
70, 
80, 
90, 

10,0, 

150, 
20,0, 
250, 
273 
360, 

350, 
40,0, 
50,0, 
60,0, 
70,0, 

80,0, 
90,0, 

10,0,0, 
110,0, 
120,0, 

,~ In temperature range where no experimental thermal conductivity data are available. 

~ 

Au: 20,.0,0,% (H. 90, At. 0/0) Au: 15. 0,0,0/0 ( 8. 70, At. 0/0) 
Pd:8D.DD% (88.10, At. 0/0) Pd: 85.0,0,0/0 (91.30, At. %) 

Po = 8.0,0, ",Ocm Po = 5.850, p.Ocm 

k ke k T k k k 
g e g 

0,.0,122 4 0,.0,167 
0,.0,183 6 0,.0,251 
0,.0,244 8 0,.0,334 
0,.0,30,5 10, 0,.0,417 
0,.0,458 15 0,.0,626 

0,.0,611 20, 0,.0,835 
0,.0,741 25 0,.0,993 
0,.0,875 3D 0,.116 
0,.112 40, 0,.147 
0,.134 50, 0,.173 

0,.153 60, 0,.194 
0,.170, 70, 0,.214 
0,.187 80, 0,.232 
0,.20,2 90, 0,.250, 
0,.216 10,0, 0,.264 

0,.271 150, 0,.317 
O,. 35O,~~:I= 0,.313* 0,.0,472 =I: 20,0, 0,.355 
o'.3.37,:<:f: o'.345:f: 0,.0,417 :I: 250, D. 433~~:f: 0,.384 :1= 0,.0,482 :1= 
O,. 3~9':<* 0,.359:1= 0,.0,396 :\: 273 0,.443':<* 0,.397 :1= 0,.0,458 * 
o'.413:\: 0,.376 :1= 0,.0,375 * 30,0, D.457*:f: o'.414:\: 0,.0,434:1= 

0,.444:1= 0,.410,:1= 0,.0,343=1: 350, D. 487~,,:I= 0,.447:1= 0,.0,396 :\: 
0,.474:1= 0,.442* 0,.0,317:1= 40,0, 0,.516>:'* 0,.479 :1= 0,.0,366 :\: 
0,.528:1= 0.50,0,:1= 0,.0,277 =I: 50,0, 0,.570,** 0,.5.39* 0,.0,319 :1= 
0,.578* 'D.553:\: D.D248:f: 60,0, o'.619*:\: 0,.591 * 0,.0,285:1= 
0,.626:1= D.6o'4:\: 0,.0,226 * 70,0, o'.666*:\: o'.64o':\: 0,.0,259 :\: 

o'.672:\: 0,.652:1= 0,.0,20,8 * 80,0, 0,.70,9':<* o'.635:\: 0,.0,237:1= 
0,.717:1= 0,.698 * 0,.0,193=1: 90,0, D. 757~,,:I= 0,.7.35 :1= 0,.0,220, * 
0,.756:1= 0,.738:1= 0,.0,180, * 10,0,0, 0,.797,:<:1= D.776:\: D.D2D5:\: 
o,. 7~5:l= 0,.778:1= 0,.0,169=1: 110,0, 0,.836':<:1= o'.817:\: 0,.0,193:1= 
0,.832:1= 0,.816 :1= 0,.0,160, :\: 120,0, 0,.871':':1= D.853:\: 0,.0,182 :1= 
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TABLE 19. RECOMMENDED THERMAL CONDUCTIVITY OF GOLD';'PALLADIUM ALLOY3Y8TEM (continued) t 
[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1; Electronic Thermal Conductivity, k ,.W cm-1 K-1; Lattice. Thermal Conductivity,' k , W cm-1 K-11 e . g 

~~~ --~--- ~~- -~ --------- - -

Au: 10.000/0 ( 5. 66 At~ 0/0) Au: 5.000/0 ( 2. 76 At. 0/0) Au: 3. 00% ( 1. 64 At. %) 
Pd: 90.000/0 (94.34 At. 0/0) Po: 95.000/0 (97.24 At. 0/0) Pd: 97.000/0 (98.36 At. 0/0) 

Po = 3. 850 f,LO .cm po =1.900 f,Ln cm Po = 1.100 IolO cm 

T k ke k T k ke g kg T k k k 
e g 

4 0.0254 4 0.0514 4 0.0888 
6 0.0381 6 0.0771 6 0.133 
8 0.0508 8 0.103 8 0.178 

10 0.0635 10 0.129 10 0.222 
15 0.0952 15 0.193 15 0.333 

20 0.127 20 0.257 20 0.444 
25 0.151 25 0.296 25 0.483 
30 0.175 SO 0.337 30 0.533 
40 0.227 40 0.393 40. 0.576 
50 0.247 50 0.418 50 0.569 

60 0.269 60 0.423 60 0.550 
70 0.288 70 0.430 70 0.537 
80 0.305 80 0.435 80 0.527 
90 0.322 90 0.444 90 0.520 

100 0.333 100 0.447 100 0.515 

150 0.377 150 0.462 150 0.505 
200 0.407 200 0.475 200 0.508 
250 0.489** 0.431:1: 0.0582 :I: 250 0.566** 0.489 :1= 0.0775':1: 250 O. 610 .. ~:I= 0.517:1= 0.0930* 
273 0.497** 0.442 * 0.0553 * 273 0.571** 0.497 :1= 0.·0734:1: 273 0.612':4 0.524* 0.0879:1= 
300 0.509* 0.457* 0.0523 :f: 300 0.580** 0.510:1= 0.0692 :f: 300 0.616>',c:j: 0.534* 0.0826:1= 

350 0.538** 0.490* 0.0476* 350 0.606** 0.544* 0.0627:1: 350 0.640*::1= 0.566 * 0.0745* 
400 0.566** 0.522* 0.0439* 400 0.629*:1: 0.572* 0.0575:\: 400 0.662** 0.594:1= 0.0679* 
500 0.617** 0.578* 0.0382* 500 0.677** 0.627* 0.0495:1: 500 0.704** 0.646:1: 0.0579* 
600 0.665** 0.631* 0.0339 * 600 0.720':'* 0.677* 0.0437* 600 0.746** 0.695* 0.050U 
700 0.711** 0.681* 0.0307* 700 0.761** 0.722:\: 0.0392:1: 700 0.786** 0.741* 0.045t:!: 

800 0.754** 0.726* 0.0281* 800 0.806*:1= 0.770:\: 0.0356* 800 0.829** 0.788:1: 0.0406* 
900 0.800** 0.774:1: 0.0259* 900 0.850** 0.817 * 0.0326* 900 O. 872)~* 0.835 * 0.0370:1= 

1000 0.841** 0.817 * 0.0241 ;f: 1000 0.887*:1: 0.857:f: 0.0301 :I: 1000 0.909** 0.875:1= 0.0340:1= 
1100 0.880** 0.857 :\: 0.0226:\: 1100 0.925** 0.897* 0.0280:1: 1100 0.949** 0·.917:1: 0.031H 
1200 0.918*:1: 0.897:1: 0.0213:1: 1200 0.958>:<* 0.932* 0.0262* 1200 O. 984)~* 0.955* 0.0293:1: 

- -- '----------~ ----

t Uncertainties in the total thermal conductivity,. k, are as follows: 
10.00 Au - 90.00 Pd: ±15%. 

5.00 Au - 95.00 Pd: ±150/0. 
3.00 Au - 97.00 Pd: ±150/0. 
1.00 Au - 99.00 Pd: ±150/0. 

* Provisional value. 

* In temperature range where no experimental thermal conductivity data are available. 

--

Au: 1.00% ( 0.54 At. 0/0) 
Fd: 99 .. 000/0 (99.46 At. 0/0) 

Po = 0.3800 lola ern 

T k ke k g 

4 0.257 
6 0.386 
8 0.514 

10 0.643 
15 0.964 

20 1.29 
25 1.16 
30 1.15 
40 1.03 
50 0.871 

60 0.762 
70 0.699 
80 0.663 
90 0.637 

100 0.615 

150 0.559 
200 0.545 
250 0.548 
27'3 0.671':<* 0.553:1: 0.118:: 
:300 0.675':'* 0.565:1: 0.110:': 

:350 O. 691~'<* 0.593:1= 0.0977* 
400 0.706** 0.618:1= 0.087E:I: 
EOO 0.739** 0.666:1= O. 073C:I: 
eoo 0.778** 0 •. 715:1: 0.0625:]: 
700 0.816** 0.761:1: 0.0546* 

EOO 0.856** 0.80H 0.0485; 
£00 0.898>:4 0.855* 0.0437:1: 

ICOO 0.933>:'* O~893* 0.0397:1: 
1100 0.972':<* 0.935:1: 0.0364:1= 
1.:200 1. 01** 0.980:1: 0.033E; 
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TABLE 19. RECOMMENDED THERMAL 'CONDUCTIVITY OF GOLD-PALLADIUM ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W 'cm-1 K-l; Electronic Thermal Conductivity, k , W cm~l K-l; Lattice Thermal Conducti,ity, k , W cm-1 K-11 e g 

Au: 0.50% ( 0.27 At. %) 
Pd: 99.S0% (99.73 At. %) 

Po = 0.2600 #LO cm 

T k ke k 
g 

4 0.376 
6 0.564 
8 0.752 

10 0.940 
15 1.41 

20 1.88 
25 1.Sl 
30 1.42 
40 1.16 
50 0.944 

60 0.803 
70 0.728 
80 0.688 
90 0.667 

100 0.641 

150 0.568 
200 0.553 
250 0.S53 
273 0.691*:1: 0.·558* 0.133:1: 
300 0.693":1: 0.569:1= 0.123:1: 

350 0.705:<:1: 0.597:1: 0.108:1: 
400 0;719,.:1= 0.622:1= 0.0964:1= 
500 0.751,.:1: 0.672:1: 0.0791:1: 
600 0.7'884 0.72H 0.0671:1= 
700 0.823** 0.765:1= 0.OS81:1: 

800 0.863** 0.811* 0.0513* 
900 0.903** 0.857* 0.0460:1: 

1000 0.939** 0.898:1= 0.0416:1= 
1100 0.978** 0.940* 0.0380* 
1200 1.02*f 0.983:1= 0.0350* 

t Uncertainties in the total thermal conductivity, k, ar.€ as follows: 
0.50 Au - 99. SO Pd: ±15%. 

:1= Provisional value. 

>'~ In temperature range where no experimenul thermal 30nductivitydata are available. 
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Cur. Ref. 
No. No. 

1 93 

2 93 

3 93 

4 93 

5 93 

6 61 

7 61 

8 61 

9 85 

TABLE 20. THERMAL CONDUC?IVITY OF GOLD + PALLADIUM ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Method Temp. 
Author(s) Year 

Used Ran&e,K 

Schulze, F.A. 1911 E 298.2 

Schulze, F. A. 1911 E 298.2 

Schulze, F. A. 1911 E 298.2 

Schulze, F. A. 1911 E 298.2 

Schulze, F. A. 1911 E 298.2 

Griindsen, E. and 1934 L 21-87 
R€ddemann, H. 

Griineisen, K and 1934 L 21-86 
Reddemann, H. 

GrUneisen, E. and 1934 L 21-92 
Reddemann, H. 

Laubitz, M.J. and 1968 L 300-1203 
Van der Meer, M. P. 

Name and Composition 
Specimen (weight percent) 

Designation Au Pd 

50 50 

60 40 

70 30 

80 20 

90 10 

22 95 

23 90 10 

24 60.1 39.9 

Platinel 1503 65.05 34.95 

Composition [continued), Specifications, and Remarks 

Electrical conductivity 3.74 x 104 0-1 cm-1 at 25 C. 

Electrical conductivity 4.02 x 1040-1 cm-1 at 25 C. 

Electrica: conductivity 5.45 x 1040-1 em-1 at 25 C. 

Electrica: conductivity 7.82 X 1040-1 cm-1 at 25 C. 

Electrical conductivity 13.27 x 104 0-1 cm-1 at 25 C. 

Calculated composition; heated at 800 C for 2 hr; electrical resistivity 
3.479, 3.939, and 5.44 (JO cm at 22, 83, and 273 E, respectively. 

Calculated composition; heated at 800 C for 2 hr; electrical resistivity 
7.175, 7.605, and 9.10 (JO em at 22, 83, and 273 E, respectively. 

Calculated composition; heated at 800 C for 2 hr; electrical resistivity 
23.66, 24.48, and 27.1 (JO cm at 22, 83, and 273, I{, respectively. 

~1. 2 cm in diameter and 10 cm long; supplied by Engelhard Ind.; annealed 
at 800;;0900 K for 60 hr; electrical resistivity ratio p{273K)/p{4K) = 
1.133; electrical resistivity reported as 24.3, 25.1, 25. 5, 25. 9, 26.4, 
26.9, 27.5, 28.2, 28.9, 29.5, 30.1, 30.8, 31. 5, 31. 9, 33.0 IJ.O cm 
at 310, 420, 485, 551, 614, 688, 755. 821, 890, 953, 1012, 1072, 
1140, 1198, and 1304 K, respectively; data extractEd from smooth 
curve. 
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TABLE 210 

Cur. Ref. Author(s) 
No. No. 

93 Schulze, F. A. 

2 93 Schulze, F. A. 

3 93 Schulze, F. A. 

4 93 Schulze. F.A. 

5~~ 93 Schulze, F. A. 

)~Not shown in figure. 

THERMAL CONDUCTIVITY OF PALLADIUM + GOLD ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Method Temp. Name and 
Year Used Range,K Specimen 

DeSignation 

1911 E 298.2 

1911 E 298.2 

1911 E 298.2 

1911 E 298.2 

1911 E 298.2 

Composition 
(weight percent) 

Pd Au 

90 10 

80 20 

70 30 

60 40 

50 50 

Composition (continued). Specifications, and Remarks 

1 mm thick wire specimen obtained from Heracus Co. ; electrical conduc
tivity 6.65 x 104 0-1 cm-1 at 25 C. 

1 mm thick wire sfecimen obtained from Heracus Co. ; electrical conduc
tivity 5.33 x 10 0-1 cm-1 at 25 C. 

1 mm thick wire specimen obtained from Heracus Co.; electrical conduc
tivity 4. 72 x 1040-1 cm-1 at 25 C. 

1 mm thick wire specimen obtained from Heracus Co.; electricalconduc
tivity 3. 89 x 104 0-1 cm-1 at 25 C. 

1 mm thick wire specimen obtained from Heracus Co.; electrical conduc
tivity 3.74 x 1040-1 cm-1 at 25 C. 
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111.4 HO ET AL. 

4.8. Gold-Silver Alloy System 

The gold-silver alloy system. forms a continuous series of 
solid solutions over the entire range of compositions (104]. 
Possible existence of ordered structures due to the formation 
of AgAu, Ag3Au, Ag3Au2 and AgAuJ intermetallic compounds 
has been reported [183J. 

There are 39 sets of experimental data available for the 
thermal conductivity of this alloy system. Of the 22 data sets 
available for Au + Ag alloys listed in table 23 and shown in 
figure 51, nine sets cover only a narrow temperature range 
from 273 to 373 K, which is the highest temperature at which 
data exist. Of the 17 data sets for Ag + Au alloys listed in 
table 24 and shown in figure 52, four sets likewise cover only 
the narrow temperature range from 273 to 373 K, which is 
also the highes:t temperature at which data exist. This alloy 

system is one of those in which at first sight the recommenda
tions seem to be merely extensive extrapolations from a few 
scattered experimental curves, but in fact the recommended 
values for the electronic component are calculated from an 
extensive body of electrical resistivity data and those for the 
lattice component are calculated from well tested semi
theoTf~tir.al methork 

Thermal conductivities of this alloy system have been re
portee{ in five papers [61,63,94,95, and 172J. The measure
ments by Grlineisen and Reddemann [61] (Au +Ag curves 1 
and 2 and Ag + Au curves 1 and 2) appear to be the most reli
able, though there is some uncertainty in the compositions of 
their gold-rich specimens. For most of their specimens, sepa
ration of the electronic component from the measured total 
thermal conductivities gives reasonable values for the lattice 
component, without much scatter when these k8 values are 
plotted against the composition. However, the data for their 
0.7% Au :;pt:cilllt:n(Ag+Au curve 1) are questionable. The 
resistivities reported by Griineisen and Reddemann for this 
specimen are as much as 15% higher than expected, while 
separation of the lattice component gives negative values in 
some cases. The lattice component for the 15.5% Ag speci
men is 25 % higher than the calculation from eq (35) at 83 K, 
but the reported resistivity of this specimen is about 5% 
higher than expected for an alloy of this composition; an er
ror in the resistivity me~surement of this magnitude would 
account for the disagreement with the result from eq (35). 
The separated lattice components for the 62.2 and 35.4% Ag 
specimens (Ag + Au curve 2 and Au + Ag curve 1) show good 
agreement with the k8 values obtained from eq (35) at 83 K. 

The most recent measurements, by Crisp and Rungis [94] . 
(Au + Ag curves 12-20 and Ag + Au curves 8-17), cover a 
wide range of composition below 300 K. Unfortunately, how
ever, their measurements seem not to be accurate enough to 
give reasonable lattice thermal conductivities. Lattice con
ductivities of low accuracy were reported from 4 to 30 K for 
several alloys in the 0.5-5.0 atomic percent solute range. But 
separation of the electronic component from their measured 
total thermal conductivities results in negative values for the 
lattice component for most of their specimens at 83 and 273 
K. In their paper it was mentioned that the separation failed 
for the most dilute and the most concentrated alloys; in the 

J. Phys. Chem. RM. Data, Vol. 7, No.3, 1978 

former case because the lattice component is only a very 
small portion of the total, and because the conductivity 
measurements were not sufficiently precise in the very con
centrated alloys. 

Early measurements by Sedstrom [63] (Au + Ag curves 
3-11 and Ag+Au curves 3-7) in 1919 yield positive lattice 
thermal conductivities at 273 K, but the k8 values scatter ano 
seem to be high. 

Van Baarle et a1. [95] have measured the thermal conduc
tivities of 1.26 At. % and 2.92 At. % Au' alloys between 2 and 
30 K, but they have reported only the lattice thermal con
ductivity values. Because only lattice components were re
ported, the original measurements of Van Baarle et al. are 
not included in table 24 and figure 52. Below 10 K their lat-

tice conductivities for the 1.26 At. % Au alloy conflict with the 
lattice conductivities reported lJy White et a1. [188] for Ag-Sn 
a lIoys with 0.14 and 0.3 At. % Sn. The data reported by Van 

Baarle et al. in this range are as much as 15% higher than 
the lattice components of White et ai., which in this report 
were assumed to be the values of the lattice component for 
Hpure" Ag. In their 'Separation of the lattice component, Van 
Baarle et al. did not consider deviations from Matthiessen's 
rule and its thermal analog. As a result, their reported lattice 
conductivities are too low at the higher temperatures. At the 
present time, it is difficult to judge the reliability of their 
results because total conductivities are not reported and 
because the low-temperature results of Crisp and Rungis [94] 
which might have been compared are highly uncertain. 

Since the Au-Ag system is a non-transition solid-solution 
alloy system, for which the calculations from eqs (12) and (35) 
should be more reliable, and since the calculated results show 
reasonable agreement with the reliable experimental data of 
Gruneisen and Reddemann (61), the recommendations w.ere 
almost entirely based on the calculated values. Recommend
eJ value~ fur the ele(;lri(;al re~il:ilivity uf Au-Ag alluYI5 were ub

tained from ref. [7]. The experimental values of ku for Au and 
Ag used in eq (35) were obtained from White et a1. (188). For 
the dilute alloys (0.5-5.0% solute) at temperatures between 
40 and 100 K, the calculations were not followed exactly 
because calculations of the lattice component of the thermal 
conductivity in this range are expected to fall below the actu
al values. In this composition and temperature range, the kg 
values were adjusted upward in such a way as to be consist
ent with the e:xperimental data for the Hpure" element, the 
experimental data of Van BaarIe et aI., and the calculations 
for the more concentrated alloys. The only other place in 
which calculations were not used directly was at low tempera
tures where the lattice conductivity data of Van Baarle et a1. 
[95] made it possible to give provisional values for the 3.00 
and 5.00 % Au alloys. Although Van Baarle et a1. reported 
data down to 4 K, the provisional values given in table 22 for 
the 3.00% Au alloy have not been extended below 20 K be
cause of conflicts with the data for Hpure" Ag from White et 
a1. [188]. 

A graphical comparison of the recommended total thermal 
conductivities with some of the experimental data is given in 

. figures 47 and 48. The smooth solid curves in these figures 
were obtained by interpolating the recommended values of 
table 22 in order to obtain thermal conductivities for the 
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desired alloy compositions. The recommended thermal con
ductivities show excellent agreement (within 3%) with the 
data of Griineisen and Reddemann [61] for concentrated 
alloys (Au + Ag curves 1 and 2 and Ag + Au curve 2). For the 
dilute alloy of Griineisen and Reddemann (Ag + Au curve 1) 
the agreement is good at 80 K but at lower temperatures the 
recommendations show an upward trend and pass above the 
experimental data by up to 25%. In this region, the elec
tronic component constitutes 95% of the total, and it would 
require unreasonably large uncertainties in the electrical 

resistivity of the dilute alloys to account for a reduction in the 
total conductivity by 25%. Considering the difficulties with 
this specimen discussed earlier, it was concluded that the 
data were unreliable and no attempts were made to bring the 
recommendations into better agreement with the question
able experimental results. 

The agreement of the recommended thermal conductivities 

with the work of other investigators is in general poor. As 
discussed above, the data of Crisp and Rungis [94] are unre
liable. They routinely differ from the recommendations by 
20% and in some cases differ from the recommendations and 
the data of Griineisen and Reddemann by much more. For 
example, a comparison of the corresponding data of 
Griineiscn and Reddemann (Au + Ag eurve 1 and Ag + Au 

curve 2) and of Crisp and Rungis (Au + Ag curve 12 and Ag + 
Au curve 8) for specimens of similar compositions show 
disagreements of up to 25 and 60%, respectively. Never
theless, some of the data of Crisp and Rungis [94] (Au + Ag 
curves 14, 17, and 20 and Ag + Au curves 9-17) agree with the 

recommendations to within 15% or better and are shown in 
figures 47 and 48 for comparison. Similarly, the early meas
urements of Sedstrom [63] often differ from the recommen
dations by 15-20%, but some of the data (Au + Ag curves 
7-11 and Ag+Au curves 3-7) show better agreement and ap
pear in the comparison figures. Sedstrom's measurements 
often exhibit a more rapid increase with temperature than 
the recommendations. 

The recommended values fork, ke, and kg are tabulated in 
table 22 for 25 alloy compositions mostly covering the tem

perature range from 40 K to the solidus temperatures. These 
values are for disordered alloys which have not been severely 
cold worked or quenched. For two alloys, with 3% and 5% 
Au, the tabulated values cover the range down to 20 K and 4 
K, respectively. The ke values are given from 4 K to the 
solidus temperatures for all 25 alloy compositions. The values 
for k are also presented in figures 49 and 50 exeept for those 

for 40% and 45% Ag alloys which are not shown in figure 49 
for the sake of clarity. The recommended curve for 65% Au 
alloy is also shown in figure 50 in order to show more clearly 
the systematic variation of the thermal conductivity with alloy 
composition. The uncertainties of the k values are stated in a 
footnote to table 22, in which the values of residual electrical 
resistivity for the alloys are also given. The uncertainties of 

the ke and kg values are indicated by their being designated 
as recommended, provisional, or typical values. The ranges of 
uncertainties of recommended, provisional, and typical 
values are less than ±15%, between ±15 and ±30%, and 
greater than ±30%, respectively. 
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TABLE 22. RECOMMENDED THERMAL CONDUCTMTY OF GOLD-SILVEE ALLOY SYSTEMt 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal Conductivity, ke' W cm-1 K-l; Lattice Thermal ColJductivity, kg' W cm-1 K-1] 

Au: 99. 50% (99. 09 At. %) 
Ag: 0.50% ( O. 91 At. %) 

Au: 99.00% (98.19 At. %) 
Ag: 1. 00% ( 1. 81 At. %) 

Au: 97. 00% (94. 66 At. %) 
Ag: 3.00% ( 5. 34 At. %) 

Po= 0.28 ,£lcm Po = 0.530 ,ncm Po = 1. 52 ,ncm 

T k k k T k k e g e 

4 0.349 4 0.184 
6 0.524 6 0.277 
8 0.698 8 0.369 

10 0.873 10 0.461 
15 1. 31 15 0.691 

20 1. 75 20 0.922 
25 1. 86 25 1. 06 
30 2.01 30 1.19 
40 2.21 2.07 0.142:1= 40 1. 49 1. 37 
50 2.24 2.12 0.124:1= 50 1. 61 1. 50 

60 2.29 2.18 0.109:1= 60 1. 68 1. 59 
70 2.34 2.24 0.0970:1= 70 1. 77 1. 69 
80 2.36 2.27 0.0878* 80 1.84 1. 76 
90 2.42 2.34 0.0800:1= 90 1. 92 1. 85 

100 2.48 2.41 0.0729* 100 2.00 1. 93 

150 2.70 2.65 0.0528* 150 2.29 2.24 
200 2.80 2.76 0.0412* 200 2.44 2.41 
250 2.83 2.80 0.0337:1= 250 2.53 2.50 
273 2.85 2.82 0.0311:1= 273 2.56 2.53 
300 2.86 2.83 0.0285:1= 300 2.59 2.56 

350 2.86* 2.84 0.0247:1= 350 2.64':' 2.61 
400 2.88* 2.86 0.0218:1= 400 2.67':' 2.65 
500 2. 85~' 2.83 0.0176:1= 500 2.70':' 2.68 
600 2.83* 2.82 0.0147:1= 600 2. 70'~ 2.68 
700 2.80" 2.78 0.0127:1= 700 2. 69'~ 2.68 

800 2.75" 2.74 0.0111:1= 800 2. 66'~ 2.65 
900 2. 69~' 2.68 0.00994:1= 900 2.61* 2.60 

1000 2.63" 2.62 0.00896:1= 1000 2.56':' 2.55 
1200 2.49* 2.49 0.00749:1= 1200 2.44~' 2.43 
1337 2.41* 2.40 0.00670* 1337 2.37* 2.36 

t Uncertainties in the total thermal conductivity, k, are as follows: 
99. 50 .o\u - O. 50 Ag: ± 10%. 

k T k 
g 

4 
6 
8 

10 
15 

20 
25 
30 

0.120* 40 0.656 
0.106:1: 50 0.745 

0.0945* 60 0.836 
0.0848:1= 70 0.917 
0.0770:1= 80 0.989 
0.0710:1: 90 1. 06 
0.0657:1= 100 1.13 

0.0489* 150 1.43 
0.0388* 200 1. 64'~ 
0.0320* 250 1. 80* 
0.0297* 273 1. 86'~ 
0.0273* 300 1. 92'~ 

0.0238* 350 2.02':' 
0.0211* 400 2.10* 
0.0171* 500 2.22'~ 

0.0145* 600 2. 30'~ 
0.0125* 700 2. 34'~ 

0.0110* 800 2.36>:' 
0.00982:1= 900 2.35'~ 
0.00888:1= 1000 2.33':' 
0.00744* 1200 2.27·~ 

0.00668* 1336 2.22':: 

99.00 .o\u - 1. 00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10%. above 500 K. 
97.00 Au - 3.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10~ above 500 K. 
95.00 Au - 5. 00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10% above 500 K. 

:j: Provisional value. 

~t In temperature range where no e1{perimental thermal conductivity cata are available. 

k 
e 

0.0643 
0.0964 
0.129 
0.161 
0.241 

0.321 
0.390 
0.454 
0.571 
0.669 

0.767 
0.853 
0.930 
1. 01 
1. 08 

1. 39 
1.61 
1. 77 
1. 83 
1. 90 

2.00 
2.09 
2.21 
2.28 
2.33 

2.35 
2.34 
2.32 
2.27 
2.21 

k g 

0.0850:1= 
0.0763:1= 

0.0690* 
0.0637:1= 
0.0587:1= 
0.0546* 
0.0515:1= 

0.0398:1= 
0.0326:1= 
0.0276* 
0.0258:1= 
0.0240:1= 

0.0212:1= 
0.0190:1= 
0.0158:1= 
0.0135* 
O.Ol1M 

0.0105:1= 
0.00944* 
0.00858:1= 
0.00725* 
0.00655:1= 

Au: 95.00% (91. 23 At. %) 
Ag: 5.00% ( 8. 77 At. %) 

Po = 2.470 t.ncm 

T k k k 
e g 

4 0.0396 
6 0.0593 
8 0.0791 

10 0.0989 
15 0.148 

20 0.198 
25 0.241 
30 0.284 
40 0.436 0.363 0.0727:1= 
50 0.502 0.437 0.0653:1= 

60 0.567 0.507 0.0596:1= 
70 0.628 0.573 0.0550* 
80 0.685 0.634 0.0512* 
90 0.742 0.694 0.0479:1= 

100 0.798 0.753 0.0450* 

150 1. 05'~ 1.01 0.0352:1= 
200 1.25':' 1.22 0.0292* 
250 1. 41':' 1. 38 0.0250* 
273 1.47 1.45 0.0235:1= 
300 1.54 1. 52 0.0219:1= 

350 1.65 1.63 0.0196:1= 
. 400 1. 75'~ 1.73 0.0177:1= 

500 1. 90':' 1.88 0.0149:1= 
600 2.00':' 1. 99 0.0128:1= 
700 2.07':' 2.06 0.0133* 

800 2.12':' 2.11 0.0101* 
900 2.15':' 2.14 0.00913* 

1000 2.15':' 2.14 0.00834:1= 
1200 2.14':: 2.13 0.00710* 
1335 2.12* 2.11 0.00645:1= 
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TABLE 22. RECOMMENDED THERMAL CONDUCTNITY OF GOLD-SILVER ALLOY SYSTEM (continued) t 

ITemperatllre, T, K; Thermal Conductivity, k, W cm-1 K-1; Electronic Thermal Conductivity, ke' W cm-1 K-l: Lattice Thermal Conductivity, kg' W cm-1 K-l] 

--

Au: 90.00% (83. 13 At. %) 
Ag: 10.00% (16.87 At. %) 

Au: 85.00% (75.63 At. %) 
Ag: 15.00% (24. 37 At. %) 

Au: 80.00% (68.66 At.%) 
Ag: 20.00% (31. 34 At.%) 

Po = 4. 53 J£l cn Po = 6.12 pOcm Po = 7.36 J£lcm 

T k k k T k l{ k T k 
e g e g 

4 0.0216 4 0.0160 4 
6 0.0324 6 0.0240 6 
8 0.0431 8 0.0319 8 

10 0.0539 10 0.0399 10 
15 0.0809 15 0.0599 15 

20 0.108 20 0.0798 20 
25 0.132 25 0.0989 25 
30 0.157 30 0.118 30 
40 0.262 0.205 0.0576* 40 0.208 0.155 0.0531* 40 0.180>:' 
50 0.303 0.250 0.0527:1= 50 0.238 0.190 0.0484* 50 0.205':: 

60 0.344 0.295 .0.0487* 60 0.269 0.224 0.044TI: 60 0.231* 
70 0.383 0.338 0.0453:1: 70 0.300 0.258 0.0416:f: 70 0.257';< 
80 0.421 0.379 0.0424* 80 0.330 0.291 0.0389* 80 0.282* 
90 0.459 0.420 0.0399:1: 90 0.360 0.323 0.0366:f: 90 O. 308'~ 

100 0.497 0.460 0.0377:1: 100 0.390':: 0.355 0.0346:1: 100 0.334>:' 

150 0.676 0.646 0.0299* 150 0.534':' 0.506 0.0275:1: 150 O. 457'~ 
200 0.833';' 0.808 0.0250* 200 0.665';' 0.641 0.0232:1: 200 0.573';' 
250 0.971';' 0.949 0.0217:1: 250 0.782';: 0.762 0.0202:1: 250 0.678* 
273 1. 03 1. 01 0.0205* 273 0.833 0.814 0.0191:1: 273 0.723 
300 1. 09 1.07 0.0192:1: 300 0.889 0.872 0.0180:1: 300 0.775 

350 1. 20 1.18 0.0173:1: 350 0.986 0.970 0.0162:1: 350 0.864 
400 1.29';' 1.28 0.0158:1: 400 1. 07';: 1.06 0.0149:1: 400 0.947"" 
500 1. 44';' 1.43 0.0135* 500 1. 22';' 1.21 0.0128:1: 500 1.09';' 
600 1. 57~' 1. 56 0.0118:1: 600 1. 34';: 1. 33 0.0112:1: 600 1. 21~' 
700 1. 66';' 1.65 0.0105* 700 1.44';' 1.43 0.0101:1: 700 1.32';' 

800 1. 74';' 1. 73 0.009461= 800 1. 53':: 1.52 0.00913:1: 800 1.40':' 
900 1. 79';' 1. 79 O. 00863~ 900 1.59';' 1. 58 0.00836* 900 1.47';' 

1000 1.83';' 1. 82 0.007941= 1000 1. 64':' 1. 63 0.00772* 1000 1. 52';' 
1200 1.89';' 1.88 0.006841= 1200 1.72';' 1.71 0.00671* 1200 1. 61>!' 
1331 1. 92':' 1. 91 0;006301: 1327 1. 77';' 1.76 0.00620:1: 1322 1.67':' 
--- ---~--.-- ---------

t Uncertainties in the total thermal conductivity, k, are as follows: 
90.00 Au - 10.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10% above 500 K. 
85.00 Au - 15.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10% above 500 K. 
80.00 Au - 20.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10% above 500 K. 
75.00 All - 25.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10% above 500 K • 

:f: Provisional value. 

~~ In temperature range v.:here no experimental thermal conductivity data are available. 

k 
e 

0.0133 
0.0199 
0.0266 
0.0332 
0.0498 

0.0664 
0.0823 
0.0980 
0.129 
0.159 

0.188 
0.217 
0.245 
0.273 
0.301 

0.431 
0.550 
0.658 
0.704 
0.757 

0.848 
0.932 
1. 08 
1.20 
1.31 

1. 39 
1. 46 
1.52 
1.61 
1.66 

k 
g 

().0509* 
C.0464:1= 

{i. 0427* 
{i. 0397* 
C.0372:1: 
C. 0350* 
C. 0331:1: 

C.0264:1: 
C.0223* 
C.0194:1: 
C.0184:1: 
C.0173:1: 

C.0157:1: 
G.0144:1: 
C.0124:1: 
C.0110:l: 
G.00987:1: 

(J.00898:1: 
G.00825:1: 
G.00763:1: 
0.00666:1: 
0.00615:1: 

--

Au: 75.00% (62.16 At. %) 
Ag: 25.00% (37.84 At.%) 

Po = 8.24 uOcm 

T k 'k k 
e g 

4 0.0119 
6 0.0178 
8 0.0237 

10 0.0296 
15 0.0445 

20 0.0593 
25 0.0735 
30 0.0877 
40 0.165':' 0.116 0.0499:1: 
50 0.188':' 0.143 0.0455:1: 

60 0.211':' 0.169 0.0419:1: 
70 0.234':' 0.195 0.0389:1= 
80 0.257':' 0.220 0.0365:1: 
90 0.280':' 0.246 0.0343:1: 

100 0.304':' 0.271 0.0325:1: 

150 0.416':' 0.390 0.0259:1: 
200 0.522';' 0.501 0.0219:1: 
250 0.621';' 0.602 0.0192:1: 
273 0.664 0.646 0.0181:1: 
300 0.712 0.695 0.0171:1: 

350 0.797 0.781 . 0.0155:1: 
400 O. 874~' 0.860 0.0143:1: 
500 1. 01';' 1.00 0.0123:1: 
600 1. 13':' 1.12 0.0109:1: 
700 1.24';' 1.23 0.00988:!: 

800 1. 33':' 1.32 0.00895:1: 
900 1. 40';' 1. 39 0.00823:1: 

1000 1.45';' 1.45 0.00763:1: 
1200 1.55"" 1.54 0.00668:1: 
1317 1.59"" 1.58 0.00620:1: 

-t :x: 
m 
:10 :: » 
I"'" 

n o z 
o c 
n 
-of 

<: 
::=i 
-< 
o 
." 

ell' 

Z » 
:10 
-< 
» 
I"'" 
I"'" o 
-< 
(Jl 

-< 
(It 
-t 
m 
3: 
(It 

.... 

..0 



.... 
"0 

'::J" 
-< 
!II 
('\ 
::J" 
II) 

~ 

~ 
o ; 
<: 
~ .... 
:z: 
~ 
~ 
,.JI 

...0 .... 
(II) 

TABLE 22. RECOMMENDED THERMAL CONDUCTIVITY or GOLD-SILVER ALLOY SYSTEM (continuedl t 

fTemperal:ure, T, K; Thermal Conductivity, k, W cm-I K-I; Electronic Thermal Conductivity, ke' W cm-I K-I; Lattice Thermal Corouctivity, kg' W cm-1K-I] 

-- ~~- ~~ -- --_._--

Au: 70.00% (56.10 At. %) 
Ag: 30.00% (43.90 At. %) 

Au: 65.00% (50.42 At. %) 
Ag: 35.00% (49.58 At. %) 

Au: 60.00% (45.10 At. %) 
Ag: 40. 00% (54. 90 At. %) 

Po= 8. 77 ~A Po = 9. 0 tJlcm Po = 8.93 J.€l cm 

T k k k T k k k T k e g e g 

4 0.0111 4 0.0109 4 
6 0.0167 6 0.0163 6 
8 0.0223 8 0.0217 8 

10 0.0279 10 0.0271 10 
15 0.0418 15 0.0407 15 

20 0.0557 20 0.0543 20 
25 0.0691 25 0.0673 25 
30 0.0825 30 0.0803 30 
40 0.159'~ 0.109 0.0497* 40 0.156 0.106 0.0502:1: 40 0.158':' 
50 0.180'~ 0.134 0.0453* 50 0.177 0.131 0.0457:1: 50 0.179':' 

60 0.20~':' 0.159 0.0417* 60 0.197 0.155 0.0421:1: 60 O. 200'~ 
70 0.223':' 0.184 0.0388* 70 0.218 0.179 0.0392:/: 70 0.221':' 
80 0.244':' 0.208 0.0363* 80 0.240 0.203 0.0367:/: 80 0.242':' 
90 0.26~':' 0.232 0.0342:1: 90 0.261 0.227 0.0345:1: 90 0.264':' 

100 O. 288'~ 0.256 0.0324* 100 0.282 0.250 0.0327:1: 100 0.285':' 

150 O. 395'~ 0.370 0.0259* 150 0.387 0.361 0.0262:1: 150 0.391':< 
200 0.49~>:< 0.475 0.0219* 200 0.486 0.464 0.0221:1: 200 0.490;'< 
250 O. 59~>!< 0.571 0.0192* 250 0.579 0.560 0.0194:1: 250 0.584':' 
273 0.632 0.614 0.0181:1: 273 0.620 0.601 0.0184:1: 273 0.624 
300 0.679 0.661 0.0171* 300 0.666 0.649 0.0173:1: 300 0.671 

350 0.760 0.744 0.0155* 350 0.746 0.731 0.0157:1: 350 0.752 
400 0.836>:' 0.822 0.0143* 400 O. 822~" 0.808 0.0145:1: 400 0.828 
500 0.969':' 0.957 0.0124* 500 0.956':< 0.943 0.0125:1: 500 0.964':< 
600 1.09* 1. 08 0.0110* 600 1. 07':< 1.06 0.0111:1: 600 1.08':' 
700 1.19* 1.18 0.00988:1: 700 1.18':' 1.17 0.0100:1: 700 1.19':' 

800 1.28* 1.27 0.00901:1= 800 1. 26':' 1.26 0.00915:1= 800 1.28* 
900 1. 35* 1. 35 0.00830:1= 900 1. 34'~ 1.33 0.00843=1= 900 1. 35':' 

1000 1.41* 1. 41 0.00770:1: 1000 1. 40':< 1.39 0.00783:1: 1000 1. 42* 
1200 1.51* 1" 50 0.00676:1= 1200 1. 50* 1.49 0.00687* 1200 1.52':' 
1311 1.55* 1.54 0.00630:1= 1306 1. 54>''' 1. 53 0.00650* 1300 1. 55':< 

t Uncertainties in the total thermal conductivity, k, are as follows: 
70.00 Au - 30.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10% above 500 K. 
65.00 Au - 35.00 Ag: ± 10% below 273 K, ± 7<1> between 273 and 500 K, and ± 10% above 500 K. 
60.00 Au - 40.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10% above 500 K. 
55.00 Au - 45.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and± 10% above 500 K. 

:f: Provisional value. 

~~ In temperature range where no ex:perimental thermal conductivity data are available. 

k 
e 

0.0109 
0.0164 
0.0219 
0.0274 
0.0410 

0.0547 
0.0679 
0.0811 
0.107 
0.132 

0.157 
0.181 
0.205 
0.229 
0.252 

0.364 
0.468 
0.564 
0.606 
0.653 

0.736 
0.813 
0.951 
1. 07 
1.18 

1.27 
1. 34 
1.41 
1. 51 
1.54 

k 
g 

0.0511:1: 
0.0466:1: 

0.0429:/: 
0.0399* 
0.0374:f: 
0.0352:1: 
0.0333:1: 

0.0267:1: 
0.0226* 
0.0198:/: 
0.0187:1: 
0.0177:1: 

0.0161:1: 
0.0148:/: 
0.0128:/: 
0.0114:1= 
0.0102:1= 

0.00936:1= 
0.00863:1= 
0.00801* 
0.00704:1= 
0.00660:1= 

Au: 55.00% (40.10 At.~) 
Ag: 45.00% (59.90 At.~) 

Po = 8.66 ~cm 

T k k k 
e g 

4 0.0113 
6 0.0169 
8 0.0226 

10 0.0282 
15 0.0423 

20 0.0564 
25 0.0701 
30 0.0836 
40 0.163':' 0.110 0.0526:1: 
50 0.184':' 0.136 0.0479* 

60 0.205':' 0.161 0.0441* 
70 0.227':' 0.186 0.0410* 
80 0.249':' 0.211 0.0384* 
90 0.271>:' 0.235 0.0362:1: 

100 0.294':< 0.259 0.0343:/: 

150 0.402':' 0.375 0.0275:1: 
200 0.505':' 0.481 0.0232:1: 
250 0.601>:' 0.581 0.0203:1: 
273 0.642 0.623 0.0193:1: 
300 0.689 0.671 0.0182:/: 

350 0.773 0.756 0.0165:1: 
400 0.852 0.837 0.0152* 
500 0.992':< 0.978 0.0132:1: 
600 1.12':' 1.10 0.0117:1: 
700 1. 22':< 1.21 0.0105:1= 

800 1. 31;'< 1.30 0.00963:1= 
900 1. 39~" 1. 38 0.00888* 

1000 1.45>:< 1.44 0.00825* 
1100 1. 51':' 1. 50 0.00771:1= 
1295 1. 59':' 1.58 0.00685:1: 
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TABLE 22. RECOMMENDED THERMAL CONDUCTIVITY OF GOLD-SILVER ALLOY SYSTEM (continued) t 

[Temperatu:"e, T, K; ~hermal Conductivity, k,W cm-I K-I; Electronic Thermal Conducti'lity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W.cm-1 K-I] 

----- ----~ ---

Au: 50. 00% (35. 39 At. %) Au: 45.00% (30.94 At. %) Au: 40.00% [26.75 At.~) 
Ag: 50.00% (64.61 At •. %) Ag: 55.00% (69.06 At. %) Ag: 60.00% [73.25 At.~) 

Po == 8. 30 ,ncm Po == 7.79 pOcm Po == 7.15 pOcm 

T k k k T k k k T k e g e g 

4 0,0118 4 0.0125 4 
6 0.0177 6 0.0188 6 
8 0.0235 8 0.0251 8 

10 0.0294 10 0.0314 10 
15 0.0442 15 0.0470 15 

20 0.0589 20 0.0627 20 
25 0.0732 25 0.0778 25 
30 0.0874 30 0.0929 30 
40 0.170':' 0.115 0.0544:1: 40 0.179':' 0.122 0.0568:1: 40 0.193 
50 0.192':' 0.142 0.0496:1: 50 O. 203'~ 0.151 0.0518* 50 0.219 

60 0.214':' 0.169 0.0458:1= 60 0.227':< 0.179 0.0478* 60 0.245 
70 0.237':< 0.194 0.0426* 70 O. 251'~ 0.206 0.0445* 70 0.271 
80 0.260':' 0.220 0.0399* 80 O. 275'~ 0.234 0.0417* 80 0.297 
90 0.283':' 0.246 0.0376* 90 0.300':' 0.261 0.0393* 90 0.324 

100 0.306':' 0.271 0.0356* 100 O. 324'~ 6.287 0.0372 * 100 0.350':' 

150 0.419':' 0.391 0.0285:1: 150 0.444':' 0.414 0.0298* 150 0.479':' 
200 0.526':' 0.502 0.0241* 200 0.557':' 0.532 0.0252 * 200 0.600* 
250 0.626':' 0.605 0.0211* 250 0.662':' 0.640 0.0220* 250 0.712':' 
273 0.670 0.650 0.0200* 273 0.708 0.687 0.0209* 273 0.760* 
300 0.719 0.701 0.0189* 300 0.760 0.740 0.0197* 300 O.816"~ 

350 0.806 0.789 0.0171:1: 350 0.851 0.833 0.0179* 350 0.913':-
400 0.888':' 0.872 0.0158:1: 400 0.936':' 0.920 0.0164* 400 1.00':< 
500 1. 03':' 1. 02 0.0136* 500 1. 09'~ 1.07 0.0142 * 500 1.16>1< 
600 1.16':' 1.15 0.0121* 600 1. 22':' 1.21 0.0126* 600 1.30':: 
700 1.27':< 1. 26 0.0109* 700 1. 34'~ 1.32 0.0114* 700 1.42>1< 

800 1.36':< 1.35 O. 00996~ 800 1. 43':' 1.42 0.0104* 800 1. 52>!' 
900 1. 44'~ 1.43 0.00918* 900 1. 51':' 1. 50 0.00955* 900 1.60>!< 

1000 1.51':' 1.50 0.00853* 1000 1. 58':' 1. 57 0.00887* 1000 1. 67>!' 
1100 1. 56':' 1.55 0.00797* 1100 1. 63':' 1. 62 0.00828* 1100 1.73':' 
1289 1.65':' 1.64 0.00710* 1284 1.72* 1.71 0.00740:1: 1278 1.82':< 

"'" Uncertainties in the total thermal conductivity, k, are as follows: 
50.00 Au - 50.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10% above 500 K. 
45.00 Al - 55.00 Ag: ±10% below 273 K, ±7'16 between 273 and 500 K, and ±10% above 500 K. 
40.00 A"l - 60.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10% above 500 K. 
35.00 A'l - 65.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10% above 500 K. 

:1= Provisional value. 

* In temperature range where no eXperimental thermal conductivity data are available. 

k e 

0.0136 
0.0205 
0.0273 
0.0341 
0.0512 

0.0682 
0.0849 
0.101 
0.133 
0.164 

0.194 
0.224 
0.254 
0.283 
0.311 

0.448 
0.573 
0.689 
0.738 
0.795 

0.894 
0.987 
1.15 
1.29 
1.41 

1.51 
1.59 
1.66 
1.72 
1.81 

k g 

0,0598* 
0.0545* 

0.0503* 
0,0469* 
0.0439* 
0.0414* 
0.0392* 

0.0313* 
0.0265* 
0.0232* 
0.0220* 
0.0207* 

0.0188* 
0.0173* 
0.0149* 
0.0132* 
0.0119* 

0.0109* 
0.00999* 
0.00927* 
0.00865* 
0.00775* 

Au: 35. 00% (22. 77 At. %) 
Ag: 65.00% (77.23 At. %) 

Po == 6.42 ,ncm 
-

T k k k 
e g 

4 0.0152 
6 0.0228 
8 0.0304 

10 0.0381 
15 0.0571 

20 0.0761 
25 0.0945 
30 0.113 
40 0.212 0.148 0.0634* 
50 0.240 0.182 0.0579* 

60 0.269 0.216 0.0535* 
70 0.298 0.248 0.0498* 
80 0.327 0.280 0.0467* 
90 0.356 0.313 0.0440* 

100 O. 385~' 0.344 0.0416* 

150 O. 527>'~ 0.493 0.0333* 
200 0.658':' 0.630 0.0282* 
250 O. 780'~ 0.756 0.0246* 
273 O. 833'~ 0.810 0.0233* 
300 O. 892'~ 0.870 0.0220* 

350 O. 996'~ 0.976 0.0200* 
400 1. 09':' 1.07 0.0183* 
500 1.26':' 1.24 0.0158* 
600 1. 40':< 1.39 0.0140* 
700 1.52':' 1. 51 0.0126* 

800 1. 62':' 1. 61 0.0114* 
900 1.71>1< 1. 70 0.0105* 

1000 1. 78'~ 1.77 0.00974* 
1100 1. 84':' 1. 83 0.00908* 
1273 1. 93'~ 1.92 0.00820:1: 
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TABLE 22. RECOMMENDED THERMAL CONDUCTIVITY OF GOLD-SILVER ALLOY SYSTEM (continued) t 
fTempera:ure, T, K; Thermal Conductivity, k, W cm-I K-t; Electronic Thermal Conductivity, ke' W cm-1 K-!; Lattice Thermal Conductivity, kg' W cm-1 K-1) 

- ~ --- - ----- -------- -----

Au: 3C. 00% (19. 01 At.~) Au: .25.00% (15. 44 At.~) Au: 20. OO~ (12. 04 At. ~) 
Ag: 7(,.00% (80. 99 At.~) Ag: 75. O~ (84. 56 At.~) Ag: 80. 00% (87. 96 At. %) 

Po = 5.60 t.£lcm Po = 4.75 ¢lcm m Po = 3.86 ~cm 

r k k k T k k kg T k e g e 

4 0.0175 i 0.0206 4 
6 0.0262 [) 0.0309 6 
8 0.0349 ~ 0.0411 - 8 

10 0.0436 II} 0.0514 10 
15 0.0654 15 0.0771 15 

20 0.0873 21} 0.103 20 
25 0.108 25 0.127 25 
30 0.129 31} 0.152 30 
40 0.237>:< 0.169 0.0679~ 41} 0.272* 0.198 0.0736* 40 0.326 
50 0.270':< 0.208 0.0621~ 5[) 0.311* 0.244 0.0674* 50 0.373 

60 0.30:5* 0.245 0.0574~ 61} 0.348* 0.286 0.0624:1= 60 0.418 
70 0.33~>:< 0.282 O. 0535~ 71} 0.387"'< 0.328 0.0582* 70 0.464 
80 0.36~* 0.318 0.0502~ 81} 0.424* 0.370 0.0546* 80 0.509 
90 0.401* 0.354 0.0473~ 91} 0.462* 0.411 0.0514* 90 0.553 

100 0.434* 0.389 0.0447~ 101} 0.500* 0.451 0.0487* 100 0.597 

150 0.592'\< 0.556 O.0358~ 151) 0.678* 0.640 0.0389* 150 0.805 
:>.00 0.737':< 0.707 0.0302~ 201) 0.841':< 0.808 0.0328* 200 0.987* 
250 0.871* 0.844 0.0263 t 251} 0.988':< 0.960 0.0285* 250 1.15~,c 

273 0.928 0.903 0.0249~ 273 1.05* 1.02 0.0270* 273 1.22 
300 O. 99~ 0.969 0.0235~ 301} 1.12* 1.09 0.0254* 300 1.29 

350 1.10 1.08 0.0213~ 35[} 1.24 1.21 0.0230* 350 1.42 
400 1.20>l 1.18 0.0195~ 401} 1.35* 1.33 0.0210:1= 400 1. 54~,c 
500 1. 38* 1.36 0.0168~ 501} 1. 53* 1.51 0.0181* 500 1. 73* 
~OO 1. 53* 1.51 0.014M 601} 1.68* 1.67 0.0159* 600 1.89>:' 
700 1.65* 1.64 0.0133* 70[) 1.81* 1.80 0.0142.* 700 2.02* 

300 1.76* 1.74 O.012H 801} 1.91* 1.90 0.0129* 800 2.12* 
~OO 1.83* 1.82 O.Olll~ 90() 1.99* 1.98 0.0118:1= 900 2.19* 

1000 1.91* 1.90 0.0103~ 100() 2.06* 2.05 0.0109:1: 1000 2.26* 
1100 1.97* 1. 96 0.0958~ llO[} 2.12* 2.11 0.0101:1= 1100 2.31* 
1267 2.06* 2.05 O. 0860~ 1261 2.20* 2.19 0.00920:1: 1256 2.38* 

----- --

"t Uncertainties in the total thermal conductivity, k, are as follows: . 
30.00 Au - 70.00 Ag: :I: 1~ below 273 K, :I: 7'1> between 273 and 500 K, and ± 10'1> above 500 K. 
25.00 Au - 75.00 Ag: :l:1~ below 273 K, ± ~ between 273 and 500 K, and ± 10%. above 500 K. 
20.00 Au - 80.00 Ag: ± 10~ l:elow 273 K, ± ~ between 273 and 500 K, and ± 10% above 500 K. 
15.00 Au - 85.00 Ag: ± 1~ below 273 K, ± ~ between 273 and 500 K, and ± 10'1> above 500 K. 

* Provisional value. 

* In temperature range where no e:rperimental thermal conductivity data are available. 

k 
e 

0.0253 
0.0380 
0.0506 
0.0633 
0.0949 

0.127 
0.157 
0.187 
0.245 
0.299 

0.349 
0.400 
0.448 
0.496 
0.543 

0.762 
0.951 
1.12 
1.19 
1.26 

1. 39 
1. 51 
1.71 
1. 87 
2.00 

2.10 
2.18 
2.24 
2.30 
2.37 

k g 

0.0809* 
0.0744* 

0.0689* 
0~0643* 
0.0603* 
0.0569* 
0.0538* 

0.0429* 
0.0361* 
0.0313* 
0.0296* 
0.0278* 

0.0251 * 
0.0229:1= 
0.0196* 
0.0172* 
0.0154* 

0.0139* 
0.0127* 
0.0117* 
0.0108* 
0.00980:1= 
~~----

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1100 
1251 

-- ~-- --------

Au: 15. O~ ( 8.81 At.~) 
Ag: 85. O~ (91. 19 At. %) 

Po == 2.94 pOcm 

k k k 
e g 

0.0332 
0.0499 
0.0665 
0.0831 
0.125 

0.166 
0.206 
0.244 

0.408 0.317 0.0909* 
0.469 0.385 0.0839=1= 

0.524 0.446 0.0779* 
0.580 0.508 0.0728* 
0.635 0.567 0.0683* 
0.691 0.626 0.0644* 
0.744 0.683 0.0609* 

0.990 0.942 0.0484* 
1.20* 1.16 0.0406* 
1. 38'~ 1.35 0.0351* 
1. 46>,'< 1.43 0.0331* 
1. 54* 1. 51 0.0311* 

1. 68':' 1. 65 0.0279* 
1. 80* 1. 78 0.0254* 
2.01'\< 1. 99 0.0216* 
2.17':' 2.15 0.018s:J: 
2.29':< 2.27 0.0167* 

2.38* 2.36 0.0151* 
2.45* 2.44 0.0137* 
2. 50~,c 2.49 0.0126:1= 
2.54* 2.53 0.0116:1: 
2.59>:' 2~58 0.0105:1: 
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TABLE 22. RECOMMENDED THERMAL CONDUCTIVITY OF GOLD-SILVER ALLOY SYSTEM (continued) t 

[Temperature, T. K; Thermal Conductivity, k, W cm-1 K-1; Electronic Thermal Conductivity, ke , W cm-1 K-1; Lattice Thermal Conductivity. kg' W cm-1 K-1] 

---- ----- ------

Au: 10. O~ ( 5.74 At. %) 
Ag: 90. 00% (94. 26 At. %) 

Au: 5.00% ( 2. 80 At. %) 
Ag: 95.00% (97. 20 At. %) 

Au: 3. O~ ( 1. 67 At.~) 
Ag: 97. 00% (98. 33 At.~) 

Po = 1. 97 ,£Acm Po = 0.99 J.IO cm Po = O. 59 1.&0 em 

T k k k T ok k k T k k k 
e g e g e g 

'" 

4 0.0496 4 0.125:1: 0.0987 0.0259:1: 4 C.166 
6 0.0744 6 0.202:1: 0.148 0.0539* 6 C.248 
8 0.0992 8 0.275:1: 0.197 0.0776* 8 (J.331 

10 0.124 10 0.344:1: 0.247 0.0969* 10 C.414 
15 0.186 15 0.498:1: 0.370 0.128:1: 15 C.621 

20 0.248 20 0.636* 0.494 0.142* 20 1. 01 (J.828 0.179:1: 
25 0.305 25 0.743* 0.598 0.145:1: 25 1.18 1.00 0.180:1: 
30 0.363 30 0.849:1: 0.705 0.144:1: 30 1.33 1.15 0.176* 
40 0.571 0.465 0.106* 40 1.01* 0.873 0.137:1: 40 1.52 1.36 0.163* 
50 0.655 0.557 0.0981:1: 50 1.14* 1. 01 0.127:1: 50 1.65 1.50 0.148* 

60 0.726 0.635 0.0914* 60 1.23 1.11 0.118:1: 60 1. 73 1.59 0.137* 
70 0.801 0.715 0.0855:1: 70 1.32 1. 21 0.110* 70 1. 84 1.71 0.127* 
80 0.872 0.792 0.0803* 80 1.42 1. 32 0.104:1= 80 1. 95 1.83 0.118* 
90 0.944 0.869 0.0757:1: 90 1. 53 1.43 0.0968:1: 90 2.05 1.94 0.111* 

100 1.01 0.940 0.0716* 100 1. 62 1. 53 0.0908* 100 2.14 2.04 0.105* 

150 1.32 1.26 0.0566* 150 2.00 1. 92 0.0706* 150 2.53 2.45 0.0799:1: 
200 1.56 1. 51 0.0471 * 200 2.27 2.21 0.0577* 200 2.79 2.73 0.0643* 
250 1.76 1. 72 0.0404* 250 2.49 2.44 0.0488* 250 2.98 2.93 0.0538* 
273 1.84 1. 80 0.0380* 273 2.57 2.52 0.0456:1= 273 3.05 :3.00 0,0500:1: 
300 1. 93 1. 90 0.0355* 300 2.64 2.60 0.0423* 300 3.11 :3.06 0.0462:1: 

350 2.08 2.05 0.0318* 350 2.77 2.74 0.0374:1: 350 3.21 :3.17 0.0405:1: 
400 2.21* 2.18 0.0287:1= 400 2.88* 2.85 0.0335:1= 400 3.29* :3.26 0.0360:1= 
500 2.40>,~ 2.38 0.0242:1= 500 3. 03>'~ 3.00 0.0277:1: 500 3.39* :3.36 0.0295:1: 
600 2.55':' 2.53 0.0209:1= 600 3.13* 3.11 0.0237:f: 600 3.45* :3.43 0.0250:1: 
700 2.66* 2.64 0.0185* 700 3.19* 3.17 0.0206:1: 700 3.47* :3.45 0.0217:1: 

800 2.73* 2.72 0.0165:1= 800 3.22* 3.20 0.0183* 800 3.48* :3.46 0.0192:f: 
900 2. 77'~ 2.76 0.0150* 900 3. 27>',c 3.21 0.0165:f: 900 3.45>',< :3.44 0.0171* 

1000 2.800:' 2.79 0.0137* 1000 3.22* 3.20 0.0149:1: 1000 3.41* :3.40 0.0155* 
1100 2.83* 2.82 0.0126:1= 1100 3.20* 3.19 0.0137:1: 1100 3.38* :3.36 0.0142:1: 
1245 2.87* 2.86 0.0114:1= 1240 3. 18~' 3.17 0.0123* 1238 3.32':< :3.31 0.0126:1= 

~-- -----~--

t Uncertainties in the total thermal conductivity. k. are as follows: 
10.00 Au - 90.00 Ag: ± 10% below 273 K. ± 7% between 273 and 500 K, and ± 10% above 500 K. 

5.00 Au - 95.00 Ag: ±15% below 40 K. ± 10% between 40 and 273 K. ± 7%. between 273 and 500 K. and ± 10%. above 500 K. 
3.00 Au - 97.00 Ag: ±15%. below 40 K, ± 10% between 40 and 273 K. ± 7% between 273 and 500 K. and ± 10% above 500 K. 
1. 00 Au - 99.00 Ag: ± 10% below 273 K, ± 7% between 273 and 500 K, and ± 10% above 500 K • 

:I: Provisional value. 

* In temperature range where no eX}lerimental thermal conductivity data are available. 

-_._-

Au: 1. 00% { 0.55 At. %~ 
Ag: 99.00% (99.45 At. % 

Po = 0.190 ,ncm 

T k k k 
e g 

4 0.514 
6 0.771 
8 1. 03 

10 1.29 
15 1. 93 

20 2.57 
25 2.90 
30 3.21 
40 3.51 3.28 0.225* 
50 3.32 3.12 0.200* 

60 3.11 2.93 0.179* 
70 3.10 2.94 0.162* 
80 3.11 2.96 0.148:1: 
90 3.18 3.04 0.137:1: 

100 3.26 3.13 0.128:1= 

150 3.50 3.41 0.0941:1= 
200 3.67 3.59 0.0737* 
250 3.77 3.71 0.0605* 
273 3.77 3.71 0.0558:1= 
300 3.81 3.75 0.0512:f: 

350 3.84* 3.79 0.0444:f: 
400 3.87* 3.83 0.0391:1: 
500 3.87'~ 3.84 0.0316:1: 
600 3.85>'~ 3.82 0.0265:1: 
700 3.82':< 3.80 0.0229:f: 

800 3. 79'~ 3.77 0.0201:f: 
900 3.72>''' 3.70 0.0179* 

1000 3.65* 3.64 0.0161:1: 
1100 3. 58'~ 3.56 0.0147:1: 
1236 3.50* 3.49 0.0132:1: 
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TABLE 22. RECOMMENDED THERMAL CONDUCTIVITY OF GOLD-SILVER ALLOY SYSTEM (continued) t 

fTemperature, T, K; Thermal Conductivity, k, W cm- K-I; Electronic Thermal Conductivity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-1] 

---~~----~ 

Au: O. 50% ( O. 28 At. %) 
Ag: 99. 50% (99. 7Z At. %) 

Po = 0.0800 pnem 

T k k k 
e g 

4 1.22 
6 1.83 
8 2.44 

10 3.05 
15 4.58 

20 6.11 
25 6.08 
30 6.20 
40 5.20 4.93 0.266:1: 
50 4.41 4.18 0.232* 

60 3.86 3.66 0.204* 
70 3.73 3.55 0.182* 
80 3.72 3.56 0.164* 
90 3.74 3.59 0.149:1: 

100 3.79 3.65 0.138:1: 

150 3.90 3.80 0.0989:: 
20G 3.95 3.88 0.0768:: 
250 4.01 3.95 O. 0625~ 
273 4.01 3.96 O. 0576~ 
300 4.03 3.98 o. 0527~ 
350 4.03 3.99 O. 0455~ 
400 4.03'~ 3.99 0.0400:!: 
500 4.01* 3.98 0.0322:: 
600 3.97>:< 3.95 0.0270* 
'700 3.92>:' 3.90 0.0232* 

800 3.87* 3.85 0.0203* 
900 3.79* 3.77 0.0181j: 

1000 3.71* 3.69 0.0163~ 
1100 3.64* 3.62 0.0148* 
1236 3.55* 3.54 0.0133:[: 

t Uncertainties in the total thermal conductivity, k, are as follows: 
0.50 Au - 99.50 Ag: ±10%. 

:t: Provisional value. 

* In tempera":ure range where no e,;perimcntal thermal cO:lductivity data are available. 
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TABLE 23. THERMAL CONDUCTIVITY OF GOLD + SILVER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Year Spe,::imen (weight percent) Composition (continued), Specifications, and Remarks 

No. No, Used Range,K Designation Au Ag 

61 Grutleisen, E. and 1934 L 21-91 6 64.6 35.4 Calculated composition; single crystal; electrical resistivity 8.85, 9.32, 
Rediemann, H. and 10.8 jJ.o. cm at 22, 83, and 273 K, respectively. 

61 Grurleisen, E. and 1934 b 22-92 7 84.5 15.5 Calculated composition; single crystal; electrical resistivity 6.69,7.16, 
Rediemann, H. and 8.69 jJ.0 cm at 22, 83, and 273 K, respectively. 

3 63 Sedstrom, E. 19L9 T 273,312 54.62 45.38 Calculated composition: specimen rolled and drawn to 1 mm thick; heated 
0.5 hr at temperature near the melting point; electrical conductivity -t 
9.1 and 8.4 x 104 0-1 cm- 1 at 0 and 100 C, respectively. :I: 

4 63 Sedstrom, E. 1919 T 273,373 60.32 39.68 Similar to the above specimen except electrical conductivity 9.1 and 8.5 x 
m 
::lID 

104 0.-1 cm-1 at 0 and 100 C, respectively. 3: 
5 63 Sedstrom, E. 1919 T 273,373 65.46 34.54 Similar to the above specimen except electrical conductivity 7.2 and 7.2 x 

» ,.. 
104 0- 1 cm-1 at 0 and 100 C, respectively. n 

6 63 Sedstrom, E. 1919 T 273,312 69.17 30.83 Similar to the above specimen except electrical conductivity 8.9 and 8.4 x 0 
104 0- 1 cm- 1 at 0 and 100 C, respectively. Z 

0 
7 63 Sedstrom, E. 19L9 T 273,372 73.19 26.81 Similar to the above specimen except electrical conductivity 9.1 and 8.5 x C 

n 
104 0.-1 cm- 1 at 0 and 100 C, respectively. -t 

63 Sedstrom, E. 19L9 T 273,373 81.23 18.77 Similar to the above specimen except electrical conductivity 10.2 and 9.6 x <= 
1001 0-1 cm- 1 at 0 and 100 C, respectively. =t 

-< 
9 63 Sedstro'm, E. 1919 T 273,373 88.82 11.18 Similar to the above specimen except electrical conductivity 13.2 and 12.4 x 0 

104 0.- 1 cm- 1 at 0 and 100 C, respectively. "" 
10 63 Sedstrom, E. 1919 T 273,373 93.84 6.16 Similar to the above specimen except electrical conductivity 18.1 and 15.9 x !! 

104 0.-1 cm- i at 0 and 100 C, respectively. Z 

11 63 Sedstrom, E. 1919 T 273,373 97.26 2.74 Similar to the above specimen except electrical conductivity 25.1 and 22.0 x » 
:IU 

104 0- 1 cm- 1 at 0 and 100 C, respectively. -< 
12 94 Crisp, R. S. ar.d 1970 L 4.1-30~ 35.39 Calculated composition from atomic percent; specimen purchased in three » ,.. 

Rungis, J. batches from Cambridge Metals Research Ltd., England, prepared ,.. 
from 99.999 and 99.9999 Au and 99.9999 Ag; about 0.5 to 1 mm in 0 
diameter and about 1 to 5 cm long; drawn down, etched, washed in -< 

~ 
distilled water and alcohol, dried and sealed into quartz capsules with CI' 

1/3 atmosphere of oxygen and then annealed for 72 hr at 900 C. -< 
." CI' 
:r -t 
~ 13 94 CriSp, R. S. ar.d 1970 L 4.1~173 12.7 Similar to the above specimen except the electrical resistivity reported as m 
n Rungis, J. 6.038 and 8.107 jJ.0 cm at 0 and 273 K, respectively. 3: 
::r (J') 

CD 14 94 Crisp, R. S. ar.d 1970 L 4.1-165 4.43 Similar to the above specimen except the electrical resistivity reported as 
? Rungis, J. 2.603 and 4.695 jJ.O cm at 0 and 273 K, respectively. 
XI 

~ 15 94 Crisp, R. S. and 1970 L 4.1-100 2.29 Similar to the above specimen except the electrical resistivity reported as 
0 Rungis, J. 1.404 and 3.517 J.LO cm at 0 and 273 K, respectively. 
9-

16 94 Crisp, R.S. and 1970 L 4.1-307 1. 33 Similar to the above specimen except the electrical resistivity reported as ~ 
< Rungis, J. O. 855 and 2. 991 jJ.0 cm at 0 and 273 K, respectively. 
~ 17 94 Criilp, R. S. ard 1970 L 4.1-156 1. 05 Similar to the above specimen except the residual electrical resistivity .... 
Z Ru~is, J. reported as 0.670 jJ.O cm. 
9 18 94 Crisp, R. S. arid 1970 L 4.1-307 0.47 Similar to the above specimen except the .electrical resistivity reported as 
!A Ru~is, J. 0.370 and 2.421 jJ.O cm at 0 and 273 K, respectively. 
-0 .... ~ Ol' -0 
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TABLE 23. THERMAL CONDUCTIVITY OF GOLD + SILVER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. 
No. No. Author(s) Year 

19 94 Crisp, R. S. and 1970 
Rungis, J. 

20 94 Crisp, R. S. and 1970 
Rungis, J, 

21* 172 Kapoor, A., Rowlands, 1974 
J.A., andWooos, S.B. 

22* 172 Kapoor, A.. €t ale 1974 

* Not shown in figure. 

Method Temp. 
Name and 
Specimen Used Range,K Designation 

L 4.1-307 

L 4.2-307 

L 0.65-4.0 

L 0.69-4.0 

Composition 
(weight percent) 

Au Ag 

0.203 

0,082 

94.26 5.74 

Composition (continued), Specifications, and Remarks 

Similar to the above specimen except the electrical resistivity reported as 
0.135 and 2.2,09 tJO em at 0 and 273 K, respectively. 

Similar to the above specimen except the electrical resistivity reported as 
0.053 and 2.128 tJO em at 0 and 273 K, respectively. 

Calculated composition (10 a/o Ag) ; 4 mm2 in eros's section and 10 cm long; 
prepared by induction melting 99.999 pure metals in argon, resulted 
ingot rolled to size; cold-worked; residual electrical reSistivity 2.90 
",0 em. 

The above specimen annealed, in vacuum at 1000 K for 12 hr; residual 
electrical resistivity 2. 71 ",0 cm. 
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TABLE 24. THERMAL CONDUCTIVITY OF SILVER + GOLD ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Cur. Ref. Method Temp. Name and Composition 

No. ~o. 
Author(s) Year Used Range,K Specimen (weight percent) Composition (continued), Specifications, and Remarks 

Designation Ag Au 

1 61 Griineisen, E. and 1934 L 22-92 4 99.3 0.7 Calculated ccmposition; wire specimen; electrical resistivity O. 163, O~ 473, 
Reddemann, H. and 1. 63 ,.0 cm at 22, 83, and 273 K, respectively. 

2 61 Griineisen, E. and 1934 L 22-92 5 62.2 37.8 Calculated composition; single crystal; wire specimen; electrical resistivity 
Reddeman, H. 6.87, 7.25, and 8 •. 57,A>. cm at 22, 83, and 273 K,respectively. 

3 63 Sedstrom, E. 1919 T 273,373 55.84 44.16 Calculated. composition: wire specimen 1 rom in diameter; rolled and drawn; -t annealed at close to melting point for 0.5 hr; electrical conductivity 10.3 :t 
and 9.7 x L04 0-1 cm-1 at 0 and 100 C, respectively. m 

::u 
4 63 Sedstrom, E. 1919 T 273,373 91. 22 8.78 Similar to the above specimen; electrical conductivity 29.3 and 24.2 x 104 =: 

0-1 cm-1 a: 0 and 100 C, respectively. > r-
5 63 Sedstrom, E. 1919 T 273,373 80.74 19.26 Sinilar to the above specimen except electrical conductivity 19.5 and n 

16.0 x 1040-1 cm-t at 0 and 100 C, respectively. 0 
6 63 Sedstrom, E. 1919 T 273.2 76.34 23.66 Si:nilar to the above specimen except electrical conductivity 14.7 and Z 

0 
13. 5 x 104 0-1 cm-1 at 0 and 100 C, respectively. C 

7 63 Sedstrom, E. 1919 T 273,373 68.63 31. 37 Si:nilar to the above specimen except electrical conductivity 12.5 and n 
-t 

11. 5 x 1040-1 cm-1 at 0 and 100 C, respectively. =<: 
8 94 Crisp, R. S. and 1970 L 4.2-136 40.31 Cdculated composition from atomic percent; specimen purchased in three ::; 

Rungis, J. batches from Cambridge Metals Research Ltd., England; prepared from -< 
99. 9999 Ag and 99. 999 and 99. 9999 Au; about O. 5 to 1 mm in diameter 0 
and about L to 5 em long; drawn down, etched, washed in distilled water ." 

and alcohol, dried and sealed into quartz capsules with 1/3 atmosphere OJ 
of oxygen and then annealed for 72 hr at 900 C; electrical resistivity Z 
reported as 7.084 anG 8.874,£1. cm at 0 and 273 K, respectively. > 

;:ID 

9 94 CriSp, R. S. and 1970 L 4.1-136 0.164 Similar to the above specimen except the electrical reSistivity reported as -< 
Rungis, J. 0.033 and 1. 532 t£l cm at 0 and 273 K, respectively. > 

10 94 Crisp, R. S. and 19~0 L 4.1-300 1. 25 Similar to the above specimen except the electrical resistivity reported as 
r-
r-

Rungis, J. 0.249 and 1. 758 ,.,n cm at 0 and 273 K, respectively. 0 
-< 

11 94 Crisp, R. S. and 1970 L 4.1-300 1. 43 Similar to the above specimen except the electrical resistivity reported as 
'" !- Rungis, .J. 0.285 and 1. 7881Jil cm at 0 and 273 K, respectively. -< 

." '" :r 12 94 Crisp, R. S. and 1970 L 4.1-300 2.47 Similar to the above specimen except the electrical resistivity reported as -t 
~ m 

Rungis, J. 0.493 and 2.052 ,.,n cm at 0 and 273 K, respectively. =: n 
Similar to the above specimen except the electrical resistivity reported as '" :r 13 94 Crisp, R. S. and 1970 L 4.1-300 2.97 

CD 

~ Rungis, J. 0.593 and 2. 126 ,.,n cm at 0 and 273 K, respectively. 
::II:! 14 94 Crisp, R. S. and 1970 L 4.1-300 3.95 Similar to the above specimen except the electrical resistivity reported as 
~ Rungis, J. 0.768 and 2. 507 ,.,n cm at 0 and 273 K,; respectively. 
0 
2- 15 94 CriSp, R. S. and 19':'0 L 4.2-106 9.27 Similar to the above specimen except the electrical resistivity reported as 
!2 Rungis, J. 1. 813 and 3.408 ,.,n cm at 0 and 273 K, respectively. 
< 
~ 16 94 Crisp, R. S. and 19'10 L 4.2-294 9.94 Similar to the above specimen except the electrical resistivity reported as 
~ Rungis, J. 1. 923 and 3. 581 IJil cm at 0 and 273 K, respectively. 
Z 1.7 94 Crisp, R. S. and 1970 L 4.1-129 16.87 Similar to the above specimen except the electrical resistivity reported as 
~ 
~ 

Rungis, .J. 3.303 and 4. 958 pn cm at 0 and 273 K, respectively. 

'4 ...., 
W 01) 
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4.9. Iron-Nickel Alloy System 

The iron-nickel alloy system does not form a continuous 
series of solid solutions at low temperatures. There is an a 
phase bounded on the right by a line extending from 0% Ni 
at about 1183 K passing through 9% Ni at 473 K and a y 
vha~t:: buundt::d uu Lhe IdL by a liue t:xLemJiug [rum 0% Ni al 

about 1183 K passing through 74% Ni near 473 K. In addi
tion, there is a martensitic transformation in alloys contain
ing up to 27 At. % Ni quenched from above about 770 K, 
resulting in a metastable 0'2 phase. The phase diagram is fur
ther complicated by magnetic transitions: at about 1030 K in 
the a phase, at about 673 K in the 0'+ y phase mixture, and 
on a curve reaching a maximum of 895 K at about 65% Ni 
in the y phase. Finally, there is an order-disorder transforma
tion based on FeNi3 covering a wide range of composition, 
about 50 to 80% Ni, which has a maximum transition tem
perature of about 776 K. 

There are 99 sets of experimental gata available for the 
thermal conductivity of this alloy system. However, of the 64 
data 15et15 available for Fe;- Ni alloya liated in table 26 and 

shown in figure 57, 34 sets are merely single data points, and 
of the 35 data sets for Ni + Fe alloys listed in table 27 and 
shown in figure 58, five sets are single data points and 21 sets 
are for temperatures below 4.5 K. Few of these data sets are 
on binary alloys and those for the low Ni alloys are presum
ably not for the equilibrium phase. Since much of the data for 
the Fe-rich region is for low alloy steels containing other im
purities which affect the resistivity as well as the thermal con
ductivity, essentially it is (20 that specifies the composition 
and the thermal conductivity. In this connection, the provi
sional values 'for Fe-3% Ni are from 12% to 15% below the 
values for an Fe-3.15% Ni specimen (191) (Fe + Ni curve 64), 
measured after this analysis was completed, over the temper
nturc rnngc from 90 K to 1·00 K. The resistivity of this 

specimen at 90 K is' 6.98 jJQ em while the residual resistivity 
cited for the provisional values is 7.20 IJ.Q cm corresponding 
to a resistivity of 8.67 IJQ em at 90 K, a value 20% greater 
than that for the Fe-3.15% Ni specimen. Accordingly, the 
tabulated values should be used with caution taking account 
of the resistivity of the material. 

For Fe + Ni alloys, no specimen containing less than 3% Ni 
was measured below 100 K. The conductivity-composition 
curve for 300 K was constructed based on the data of Powell 
and Hickman [96] (Fe + Ni curves 3 and 4), of Kohlhaas and 
Kierspe [97] (Fe + Ni curves 30, 31, and 63), and of Ingersoll 
et a1. [98] (Fe + Ni curves 7-16). The specimens reported in 
[96] and [97] were well annealed, and the electrical resistivity 
measurements were consistent with the thermal conductivity 

results. No heat treatments were mentioned about the speci
mens of Ingersoll et aI., but their results are the only system
atic measurements made on a number of alloys covering a 
wide range of composition. The data of Ingersoll et a1. thus 
provided important information on the .variation of thermal 
conductivity with compo~ition. The electronic thermal con
ductivities calculated from eq (12) were found to be un· 
reliable for some temperatures and compositions: those alloys 
containing more than 20% Ni at temperatures above 300 K. 
Both the total k values and the calculated values of ke at 300 

J. Phys. Chem. Ref. Data, Vol. 7, No.3, 1978 

K were plotted on a conductivity-composition graph and the 
differences between k and k" were taken as kg. The kg values 
at lower and higher temperatures were obtained by extrapola
tion according to the appropriate, theoretical temperature 
dependence. Except for those alloys containing more than 
20% Ni at temperatures above 300 K, the total conductivity 
was obtained by adding the extrapolated kg to the calculated 
ke• For those alloys containing more than 20% Ni at tem
peratures above 300 K. the extrapolated ko values were sub
tracted from the values of the total conductivity derived from 
the experimental data to obtain the values of ke• In the proc
ess of calculating the electronic thermal conductivity, the 
correction due to the thermoelectric power was not made at 
this time because anomalous variation of thermoelectric pow
er with composition at 260°C was reported by Wang et a1. 
{l03) which requires further study. Since the corrections 
would be small, no more than 0.2% for all compositions ex
cept for the 30% Ni alloy, for which it comes to nearly 1 % at 
260°C, the total thermal conductivity should not be in too 
large an error wiLhout this correclion. 

For Ni+Fe alloys, the conductivity-composition curve· for kg 
at 300 K was extrapolated from the Fe+Ni part to the Ni+Fe 
portion using the k value of Moore et a1. [1871 (Ni+Fe curve 
36) for an alloy with 75.93% Ni as a reference point. That is, 
the sum of the extrapolated kg value at 75% Ni and the ke 
value calculated from the selected electrical resistivity for this 
composition was required to approximate the Moore et a1. 
value. The ke values for all compositions from 4 to llOO K 
were calculated from the selected electrical resistivities, and 
the kg values at 300 K were extrapolated to higher temper
atures following the temperature dependence of eq (35). At 
low temperatures, all data t81,100,105,106] indicate that kg is 
proportional to T, and the kll values were extrapolated to 
higher temperature to join the kg values extrapolated from 

300 K to lower temperatures. The total thermal conductivity 
for each composition was then obtained by adding kg to ke, 
except below 60 K for alloys containing 5% iron or less. The 
respective (20 values were obtained based solely on the ex
perimental data of ref. [81). The correction due to the ther
moelectric power, which, would be no more than 2% of the 
total thermal conductivity for any composition at any tem
perature, was not made at this time for the same reason as for 
the Fe+Ni alloys. The recommended values are for totally 
disordered alloys only; there may be an order-disorder trans
formation in Ni+Fe alloys over a wide range of compositions. 

A graphical comparison of the recommended total thermal 
conductivity values ~ith selected experimental data is given 
in figures 53 and 54. The smooth solid curves in thp.~p. flgllTp.s 

were obtained by interpolating the recommended values of 
table 25 in order to obtain thermal conductivity values for the 
desired alloy compositions. For iron-rich alloys shown in 
figure 53, the recommended values are in agreement with 
the data of Chari and de Nobel [99] (Fe+Ni curve 1), of de 
Nobel [100] (Fe+Ni curve 35), and of Kohlhass and ,Kierspe 
[97] (Fe+Ni curves 30 and 31) at low temperatures to within 
10%, and with the data of Powell and Hickman [96] (Fe+Ni 
curves 3 and 4), of Backlund [lOll (Fe+Ni curves 24 and 25), 
and of Watson and Robinson [102] (Fe+Ni curves 19,26,28, 
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29, and 62) at higher temperatures to within 12%. For 
nickel-rich alloys &hown in figure 54, the recommended 
values agree with the data of Berger and Rivier [107] (Ni+ Fe 
curve 7), of Farrell and Greig [81] (Ni+Fe curves 12-14), and 
of de Nobel [100] (Ni+Fe curve 35) at low temperatures to 
within 5%, and·with the data of Shelton and Swanger [108] 
(Ni+Fe curves 3-5), and of Moore et al. [187] (Ni+Fe curve 
36) at higher temperatures to within 10%. 

The recommended values for k, ke, and kg are tabulated in 
table 25 for 25 alloy compositions, for most of which the tem
perature range covered is from 4 to 1100 K. These values are 
for disordered alloys which have not been severely cold 
worked or quenched. The values for k are also presented in 
figures 55 and 56. The recommended curves for Fe-rich alloys 
containing 35 to 45% Ni are also shown in figure 56 in order 
to show more clearly the systematic variation of the thermal 
conductivity with alloy comp05ition and to clarify the eonfu-

sion in figure 55 due to crossover of curves. No values are 
given at temperatures above 1100 K at this' time since there is 
a phase transformation in iron at 1183 K and it is as yet not 
known what effect such a transformation has on the lattice 
thermal conductivity of these alloys. It is noted that at high 
temperatures the differences between the k values of 5% and 
10% nickel alloys are rather large. This is caused by the 
discontinuity of the Curie temperature at 5.5% nickel, where 
it drops from 1038 K to 677 K as nickel content increases 
[104]. The values of residual electrical resistivity for the al
loys are also given in table 25. The uncertainties of the k 
values are stated in a footnote to table 25, while the uncer
tainties of the ke and kg values are indicated by their being 
designated as recommended, provisional, or typical values. 
The ranges of uncertainties of recommended, provisional, 
and typical values are less than ±15%, between ±15 and 
±30%, and greater than ±30%, respectively. 

J. Phys. Chern. Ref. Data, Vel. 1, No.3, '! 918 
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TABLE 25. RECOMMENDED THERMAL CONDUCTIVITY OF mON-NICKEL ALLOY SYSTEMt 

[Temperature, T, K; Thermal Conductivity, k, W cm-I K-I; Electronic Thermal Conductivity, ke' W cm-1 K-l; Lattice Thermal Conductiyity, kg' W cm-I K-11 

Fe: 99. 5[)~ (99.52 .At. %) Fe: 99.00% (99.05 At. %) 
Ni: O. 5[)% ( O. 48 At. %) Ni: 1. 00% ( O. 95 At. %) 

Po = 1.20,n cm Po= 2.40 ~ cm 

T k k k T k k e g e 

4 0.0868*:1: 4 O. 0445~~ * 
6 0.133** 6 0.0688** 
8 0.180*:1: 8 0.0924*:1: 

10 0.229*:1= 10 0.120*:1: 
15 0.351*:1= 15 0.187*:1= 

20 0.471*:1= 20 0.255*:1= 
25 0.586** 25 0.320** 
30 0.697*:1= 30 0.386*:1= 
40 0.879*:1= 40 0.508*:1= 
50 0.998*:1= 50 0.602*:1= 

60 1.04** 0.774:1= 0.265* 60 0.667** 0.465:1= 
70 1. 02*:1= 0.737:1= 0.288* 70 0.701** 0.478* 
80 0.984** 0.684:1: 0.300* 80 0.709*:1= 0.474:1: 
90 0.938*:1= 0.635* 0.303:1: 90 0.704*:1= 0.464* 

100 0.899:1= 0.599* 0.300* 100 0.697* 0.457:1= 

150 0.816:1= 0.555* 0.261* 150 0.678:1= 0.465:1: 
200 0.783:1= 0.566:1: 0.217$ 200 0.673* 0.494:1: 
250 0.746* 0.564* 0.182$ 250 0.654:1: 0.503* 
273 0.733 :It 0.564* 0.169* 273 0.650:1= 0.509* 
300 0.711 * 0.555* 0.156$ 300 0.637:1= 0.507* 

350 0.673:1: 0.537:1: 0.136$ 350 0.612:1: 0.499:1= 
400 0.637* 0.517:1: 0.120$ 400 0.586:1= 0.486:1= 
500 0.575** 0.478:1: 0.0972$ 500 0.54l:f: 0.460:1= 
600 0.522*:1= 0.440:1: 0.0817$ 600 0.497:1= 0.429:1= 
700 0.471** 0.401:1: 0.0702$ 700 0.452* 0.393* 

800 O. 417~~ 0.355 0.0616$ 800 0.403 0.351 
900 0.367* 0.312 0.0548$ 900 0.355* 0.309 

1000 0.319* 0.269 0.0494$ 1000 0.309* 0.267 
1100 0.289* 0.244 0.0451$ 1100 0.281* 0.243 

t Uncertainties in the total thermal conductivity, k, are as follows: 
99.50 Fe - 0.50 Ni: ± 15% up to 700 K and ± 10% above 700 K. 
99.00 Fe - L 00 Ni: ± 1~ up to 700 K and ± 1<>% above 700 K. 
97.00 Fe - 3.00 Ni: ± 15% up to 700 K and ± 10% above 700 K. 
95.00 Fe - 5.00 Ni: ± 15% up to 700 K and ± 10% above 700 K. 

:1= Provisional value. 

$ Typical value. 

k g 

0.202* 
0.223:1= 
0.235:1= 
0.240:1= 
0.240* 

0.213:1: 
0.179$ 
0.151* 
0.141* 
0.130* 

0.113$ 
0.100* 
0.0814* 
0.0685$ 
0.0591* 

0.0518$ 
0.0462$ 
0.0416$ 
0.0379$ 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1100 

* In temper~ture range where no experimental thermal conductivity data are available. 

Fe: 97. OO~ (97.14 At. %1 
Nt:. 3. 00% ( 2. 86 At. %'1 

Fe: 95.00% (95.23 At. %) 
Ni: 5.00% ( 4. 77 At. %) 

Po = 7.20,n cm Po = 10.8 ,n cm 

k k k T k k k 
e g e g 

0.0148*:1: 0.0136:1: 0.00125* 4 0.00978:1: 0.00905:1: 0.000732$ 
0.0229** 0,0204:1: 0.00250$ 6 0.0151:1: 0.0136:1: 0.00147$ 
0.0312*:1: 0,0271:1= 0.00408* . 8 0.0205:1: 0.0181:1: 0.00239$ 
0.0398*:1: 0,0339:1= 0.00592$ 10 0.0261:1= 0.0226:1: 0.00347$ 
0.0623* 0.0508:1: 0.0115$ 15 0.0407:1= 0.0339:1= 0.00678$ 

0.0852:1: 0,0672:1= 0.[)180$ 20 0.0559:1= 0.0452:1= 0.0107$ 
0.108:1: 0.0835* O. [)250$ 25 0.0712:1= 0.0562:1= 0.0150$ 
0.132* 0,0991:1: O. [)325* 30 0.0866:1: 0.0670:1: 0.0196$ 
0.178:1: 0.130:1: O. [)481$ 40 0.116:1: 0.08.67:1: 0.0294$ 
0.220:1= 0.157* O. [)632$ 50 0.143:1= 0.104* 0.0391$ 

0.256:1: 0.179* O. [)770$ 60 0.168* 0.120:1= 0.0485$ 
0.287:1: 0.198* 0.)889$ 70 0.190:1: 0.133:1: 0.0568$ 
0.310:1: 0.212* 0.')979$ 80 0.208:1: 0.144:1= 0.0638$ 
0.328:1= 0.224:1= 0.104$ 90 0.223:1= 0.154* 0.0688$ 
0.342:1: 0.234:1: 0.108$ 100 0.236* 0.164:1: 0.0724$ 

C.387:1: 0.282* 0.105$ 150 0.282:1: 0.208:1: 0.0742$ 
C.417* 0.325* 0.0923$ 200 0.315:1: 0.248* 0.0671$ 
().434:1: 0.354:\: 0.0800$ 250 0.341* 0.282:1: 0.0589* 
C.444:1: 0.369* 0.0750* 273 0.349* 0.294* 0.0553$ 
C.446:1: 0.377:1: 0.0695$ 300 0.358:1= 0.306:1: 0.0519$ 

().451:1= 0.390:1= 0.0613$ 350 0.368:1: 0.322:1: 0.0458$ 
(J.450:l: 0.395:1: 0.0545$ 400 0.376:1= 0.335:1= 0.0408$ 
(J.442:1: 0.397* 0.0446$ 500 0.385:1= 0.352* 0.0335$ 
(J.428* 0.390:1= 0.0376$ 600 0.386* 0.358* 0.0284$ 
(J.400:l: 0.367:1: 0.0325* 700 0.370:1: 0.346* 0.0245$ 

0.362 0.333 0.0286$ 800 0.338 
(J.321 0.295 0.0255$ 900 0.305 
0.281 0.258 0.0230* 1000 0.263 
0.261 1100 0.250 

W 
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TABLE 25. RECOMMENDED THERMAL CONDUCTIVITY OF BON-NICKEL ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal Conducti'Tity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-t K-1] 

Fe: 90. (10% (90.44 At. %) Fe: 85.00% (85. 63 At. %) 
Ni: 10. ~O% ( 9. 56 At. %) Ni: 15.00% (14.37 At.%) 

Po 0- 14.8 pO cm Po = 17.1 pO em 

T k k k T k k k e g e g 

4 0.00697$ 0.00661$ 0.000364$ 4 0.00598* 0.00571* 0.000267$ 
6 0.0107~ 0.00990 * 0.000752:1: 6 0.00911:1= 0.00857* 0.000538:1: 
8 0.0144~ 0.0132 * 0.00120$ 8 0.0123* 0.0114* 

10 0.0183~ 0.0165* 0.00176$ 10 0.0156* 0.0143* 
15 O. 0284~ 0.0248 * 0.00345$ 15 0.0240* 0.0215* 

20 O. 0385~ 0.0330 * 0.00548* 20 0.0326:1: 0.0286* 
25 0.0489~ 0.0412 * 0.00775$ . 25 0.0412* 0.0355* 
30 O. 0593~ 0.0491 * 0.0102$ 30 0.0499:1: 0.0423* 
40 0.0790~ 0.0636 * 0.0154$ 40 0.0669* 0.0553:1= 
50 0.0977~ 0.0770 ;\: 0.0207$ 50 0.083M 0.0673* 

60 0.115* 0.0889 * 0.0260$ 60 0.0978:1: 0.0780* 
70 0.130* 0.0993 * 0.0309$ 70 0.111* 0.0872* 
80 0.143* 0.108* 0.0354$ 80 0.122iR: 0.0954* 
90 0.154* 0.115 * 0.0391$ 90 0.133** 0.103* 

100 0.163* 0.121 * 0.0421$ 100 0.143i'<:I: 

150 0.208* 0.161* 0.0468$ 150 0.182** 
200 0.239* 0.195 * 0.0437:1: 200 O. 210i~* 
250 0.263* 0.224 * 0.0390:1: 250 0.233** 
273 0.272* 0.235 * 0.0370$ 273 0.240* 
300 0.281* 0.246:1: 0.0349$ 300 0.248* 

350 O. 293*~ 0.262:1= 0.0311$ 350 0.259** 
400 0.303*l 0.275 * 0.0279$ 400 O. 26TI~* 
500 O. 313i~~ 500 O. 278i~:I= 
600 O. 319i~~ 600 O. 286i~* 
700 O. 316i~~ 700 O. 284i~* 

800 0.297* 800 O. 274i~ 
900 O. 270i~ 900 0.254* 0.243 

1000 O. 240i~ 0.228 0.0121* 1000 O. 237i~ 0.227 
1100 O. 238i~ 0.227 0.0110:1: 1100 O. 233i~ 0.224 

t Uncertainties in the total thermal conductivity, k, are as follows: 
90.00 Fe - 10.00 Ni: ± 15% up to 700 K and ± 10% above 700 K. 
85.00 Fe - 15.00 Ni: ± 15% up to 700 K and ± 1(>% above 700 K. 
80.00 Fe - 20.00 Ni: ± 15% up to 700 K and ± 10% above 700 K. 
75.00 Fe - 25.00 Ni: ± 15'1b up to 700 K and ~ 10% above 700 1(. 

:J: ProviSional value • 

:I: Typical value. 

0.000881* 
0.00129:1: 
0.00253* 

0.00405$ 
0.00575$ 
0.00760$ 
0.0116$ 
0.0157$ 

0.0198$ 
0.0236* 
0.0271$ 
0.0304$ 

0.0114$ 
0.0103$ 
0.00939* 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1100 

* In temperature range where no experimental thermal conductivity data are available. 

Fe: 80.00% (80.79 At. %) 
Ni: 20.00% (19.21 At. %) 

Fe: 75.00% (75.93 At. %) 
Ni: 25.00% (24.07 At. %) 

Po = 19.4 ¢1 cm Po = 22. 6 pO em 

k Ie k T k k k e g e g 

0.00525* 4 0.00450* 
0.00800* 6 0.00684* 
0.0108 * 8 0.00923* 
0.0137* 10 0.0117* 
0.0210* 15 0.0179* 

0.0284 ;I: 20 0.0243* 
0.0359:1: 25 0.0308* 
0.0435* 30 0.0372:1: 
0.0583* 40 0.0498* 
0.0721 * 50 0.0619* 

0.0848:1: 60 0.0733* 
0.0967* 70 0.0839* 
0.107i~* 80 0.0933* 
0.117** 90 0.102* 
0.126** 100 0.110* 

0.161** 150 0.142* 
0.188i~ * 200 0.164* 
0.208** 250 0.182* 
0.216* 273 0.188* 
0.224* 300 0.195:1= 

0.235* 350 0.205* 
0.244* 400 0.213* 
0.255* 500 0.222:1= 
0.263* 600 0.237:1= 
0.264* 700 0.241:1= 

0.255 800 0.233 
O. 238i~ 0.228 0.0101$ 900 O. 220i~ 0.211 0.00920$ 
0.228* 0.219 0.00911$ 1000 0.218* 0.210 0.00838$ 
0.219* 0.211 0.00837$ 1100 O. 224i~ 0.216 0.00771$ 
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TABLE 25. RECOMMENDED THERMAL CONDUCTIVITY OF IRON-NICKEL ALLOY SYSTEM (continued)t 

[Temperature, T, K; Thermal Corrluctivity, k, W cm-1 K-l; Electronic Thermal Conductivity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-1] 

Fe: 70. O~ (71. 04 At. %) 
Ni: 30. 00,& (28.96 At. %) 

Fe: 65. 00% (66. 13 At. %) 
Ni: 35.00% (33.87 At. %) 

Po = 22. 7 J£l cm Po= 59.1 J£l cm 

T k k k T k k e g e 

4 0.003l5* 4 0.00180:1: 
6 0.00480* 6 0.00277:1: 
8 0.00650* 8 0.00378:1: 

10 O. 00824~ 10 0.00482:1: 
15 0.0127:1: 15 0.00757:1= 

20 0.0174:1= 20 0.0105:1: 
25 0.0220:1= 25 0.0135:1: 
30 0.0267:1: 30 0.0166:1: 
40 0.0361:1= 40 0.0227:1: 
50 0.0452:1: 50 0.0289:1: 

60 0.0538:1= 60 0.0350:1= 
70 0.0617:1: 70 0.0407:1: 
80 0.0691:1: 80 0.0460:1= 
90 0.0757:1= 90 0.0510:1: 

100 0.0820:1: 100 0.0554:1= 

150 0.106:1: 150 0.0721:1: 
200 0.123:1= 200 0.0825 
250 0.136:1: 250 0.0905 
273 0.141:1: 273 0.0938 
300 0.146 300 0.0973 

350 0.154 350 0.104 
400 0.161 400 0.110 
500 0.175 500 0.124 
600 0.189 600 0.139 
700 0.197 700 0.155 

800 0.197 0.187 0.00950$ 800 0.170 0.161 
900 0.200* 0.191 0.00849$ 900 0.184~~ 0.176 

1000 O. 208~~ 0.200 0.00771$ 1000 0.199* 0.192 
1100 O. 216~~ 0.209 0.00704$ 1100 0.210* 0.203 

_._-----

t Uncertainties in the total thermal conductivity, k, are as follows: 
70.00 Fe - 30.00 Ni: ± 20% below 300 K and ± 12% above 300 K. 
65. 00 Fe - 35. 00 Ni: ± 20% below 200 K and ± 12,& above 200 K. 

k 
g 

0.00913$ 
0.00818$ 
0.00740$ 
0.00676$ 

Fe: 60. 00% (t31. 19 At. %) 
Ni: 40. 00% (38.81 At. %) 

Po = 36.1 J£l cm 

T k k k e g 

4 0.00442:1: 
6 0.00666:1: 
8 0.00887:1: 

10 0.0111:1= 
15 0.0166* 

20 0.0222:1: 
25 0.0276:1: 
30 0.0328:1= 
40 0.0431:1= 
50 0.0526* 

60 0.0613:1: 
70 0.0689:1: 
80 0.0757:1: 
90 0.0815:1: 

100 0.0862:1= 

150 0.102 
200 0.112 
250 0.119 
273 0.121 
300 0.124 

350 0.129 
400 0.133 
500 0.141 
600 0.151 
700 0.166 

800 0.182 0.173 0.00893$ 
900 0.198* 0.190 0.00807$ 

1000 0.212* 0.204 0.00736$ 
1100 0.223* 0.216 0.00679$ 

60.00 Fe - 40.00 Ni: ± 20% below 150 K, ± 10% between 150 and 500 K, and ± 12% above 500 K. 
55.00 Fe - 45.00 Ni: ± 20% below 150 K, ± 8% between 150 and 500 K, and ± 10,& above 50() K. 

:1= Provisional value. 

$ Typical value. 

~~ In temperature range where no experimental thermal conductivity data are available. 

Fe: 55.00% (56.23 At.,&) 
Ni: 45.00% (43. 77 At. %) 

Po = 22. 0 IJO cm 

T k k k 
e g 

4 0.00610*:1: 
6 0.00917*:1: 
8 0.0122*:1= 

10 0.0153*:1= 
15 0.0228*:1= 

20 O. 0305~~:I= 
25 0.0379*:1= 
30 0.0451*:1= 
40 O. 0588~~:I: 
50 0.0713*:1= 

60 O. 0819~~:I: 
70 O. 0921~~:I: 
80 0.100 :1= 
90 0.108*:1: 

100 0.114~~:I: 

150 0.135 
200 0.149 
250 0.158 
273 0.161 
300 0.164 

350 0.168 
400 0.172 
500 0.177 
600 0.182 
700 0.190 0.180 0.00988$ 

800 0.204 0.195 0.00882$ 
900 0.219 0.211 0.00795$ 

1000 0.233 0.226 0.00725$ 
1100 0.245 0.238 0.00668$ 
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TABLE 25. RECOMMENDED THERMAL CONDUCTIVITY OF IRDN-NICKEL ALLOY SYSTEM (continued) t 

[Temperature, T, K; Therlllaj Conductivity, k, W cm-J [(-1; Electronic Thermal Conductivity, ke' W cm-t K- t ; Lattice Thermal Conductivity, kg' W cm-t K-11 

---- - --- - - --- ---- - -- - ------

Fe: 50. OO~ ( 51. 25 At. %) 
Nt: 50.001> ( 48. 75 At. 1» 

Fe: 45. OO~ (46. 24 At. %) 
Ni: 55.001' (53.76 At.%) 

Fe: 40.00% {41. 21 At. %) 
Ni: 60.00% (58. 79 At. f,) 

Po == 14.8 J,t1 em Po"" 10.9 pO em Po"=' 7.95~ cm 

T It k k T k k k T k ke kg e g e g 

4 O.OO819~fo:!: 4 0.0105 4 0.0139* 
6 0.0123-lf;f: 6 0.0158 6 0.0210* 
8 0.0164*:1: 8 0.0211 8 0.0279* 

10 0.0205*;1: 10 0.0264 10 0.0349* 
15 0.0308* 15 0.0399 15 0.0524* 

20 0.0410:/: 20 0.0529 20 0.0698* 
25 0.051H 25 0.0657 25 0.0864* 
30 0.0609:1: 30 0.0781 30 0.108~~ 
40 0.0794* 40 0.102 40 0.134* 
50 0.0956:f: 50 0.123 50 0.161* 

60 O.HO:f: 60 0.142 60 0.184~~ 
70 0.1224: 70 0.157 70 0.202* 
80 0.132;(: 80 0.170 80 O.21'T'~ 
90 0.142:f: 90 0.181 90 0.229* 

100 0.149:1: 100 0.190 100 0.239* 

150 0.174 150 0.220 150 0.270~~ 
200 0.190 200 0.237 200 0.289* 
250 0.202 250 0.247 250 0.299*:f: 
273 0.206 273 0.251 273 O.301*:f: 
300 0.210 300 0.254 300 0.302** 

350 0.216 350 0.257 350 0.301*=1: 
400 0.218 400 0.257 400 0.295*:f: 
500 0.219 500 0.254 500 0.281*:f: 
600 0.220 600 0.247* 0.236 0.0109$ 600 0.269*;f: 0.258 O.Oll1$ 
700 0.216 0.206 0.00962* 700 0.236* 0.226 0.00958$ 700 0.250** 0.240 0.00$74$ 

800 0.221 0.213 0.00858* 800 0.234:1: 0.225 0.00854$ 800 0.244** 0.235 0.OO~68$ 
900 0.236 0.228 0.007"4$ 900 0.245* 0.237 0.00771$ 900 O.252*:f: 0.244 0.00783$ 

l()oO 0.250 0.243 0.00706$ 1000 o.259;f: 0.252 0.00701* 100O O.266*:[: 0.259 0.00714$ 
1100 0.261 0.254 0.00650$ 1100 O.271:f: 0.265 0.00648$ 1100 0.278*:1: 0.271 0.00659$ 

- -- - - -~ - --- ------ '---~----.------
t Uncertainties in the total thermal conductivity, k, ilre as follows: 

50.00 Fe - 50.00 Ni: :I:: 15~ ':lelow 150 K. ± 8~ between 150 and 500 K, and ± 14<% above 500 K. 
45.00 Fe .. 55.00 Ni: ± 12% )elow 100 K, ± 10% betw€en 100 and 500 1<, and ± 20% above 500 J{. 
40.00 Fe .. 60.00 Ni: :1:12,% ')elow 200 K and ± 20,% abl)ve 200 K. 
35. 00 Fe ... 65.00 Ni: :I: 12% ')elow 200 K and ± 20% abl)ve 200 K. 

:I: PrOVisional value. 

$ Typical value. 
* In temperaturE! range where no experim.ental thermal corductivity data are available. 

-~ -~-------- - -----

Fe: 35.00% (36.15 At. 10) 
Ni: 65. 00% ( 63. 85 At. %) 

Po = 5. 97 p;O em 

T k k k 
e g 

4 O.Olfn-lf 

6 0.0272* 
8. 0.0362* 

10 0.0453* 
15 O. 0680-l~ 

20 0.0906* 
25 0.112* 
30 0.133* 
40 0.1734~ 
50 0.207* 

60 0.236* 
70 O. 259i~ 
80 0.278* 
90 O. 293~~ 

100 0.305* 

150 0.342* 
200 0.359* 
250 0.361** 
273 O.358*:f: 
300 0.353*:1= 

350 O. 346~~* 
400 0.33441-:J: 
500 0.309** 
600 0.288** 0.276 0.0115$ 
700 o. 262~1-:J: 0.252 0.0100* 

SOO 0.251*4: 0.242 0.00893* 
900 0.258*:t- 0.250 0.0080'7$ 

1000 0.272** 0.265 0.00736* 
1100 0.284*:1= 0.277 0.00679$ 
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TABLE 25. RECOMMENDED THERMAL CONDUCTIVITY OF mON-NICKZL ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal Conductivity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-l] 

------------

Fe: 30. OO~ (31. 06 At.~) Fe: 25.00% (25.95 At.%) Fe: 20. 00% (20.81 At.~) 
Ni: 70.00% ( 68. 94 At. %) Ni: 75.00% (74.05 At. %) Ni: 80.00% I: 79.19 At.~) 

Po = 4. 72 IJO em Po = 3.83 JjQ cm Po =, 3. 3Z JjQ cm 

T k k k T k k k T k 
e g e g 

4 0.0225 4 0.0275 4 0.0317 
6 0.033S-t- 6 O. 0412-1~ 6 O. 0476-1~ 
8 0.0451-1, 8 0.0550* 8 O. 0634-1~ 

10 0.0563-1- 10 O. 0688-1~ 10 0.0793* 
15 0.0845-1· 15 0.103-1~ 15 O.119-1~ 

20 0.113* 20 0.138* 20 0.159* 
25 0.139-1~ 25 0.170* 25 ().195-1~ 

30 0.164-l~ 30 0.201* 30 O.230-l~ 

40 O. 214-1~ 40 O. 256-1~ 40 0.294* 
50 0.257-l~ 50 0.301* 50 O.343-1~ 

60 O. 294-1~ 60 O. 339-1~ 60 [).383-1~ 

70 O. 3234~ 70 O. 367-1~ 70 0.413* 
80 O. 345-l~ 80 O. 388-l~ 80 ().433-1~ 

90 O. 362-1~ 90 0.404* 90 [).447-l~ 

100 O. 374-1~ 100 O. 417-1~ 100 [).457* 

150 O. 405-1~ 150 O. 453-1~ 150 0.485* 
200 O. 416-1~ 200 O. 465-1~ 200 0.494* 
250 O. 410-l~~ 250 O. 458-1~ . 250 O.482-1~ 

273 O. 407*~ 273 O. 449-1~ 273 O. 473-1~ 
300 O. 400-l~~ 300 0.438 300 0.464 

350 O. 385*~ 350 0.419 350 0.441 
400 O. 368-1~~ 400 O. 399-1~ 400 O.420-l~ 

500 O. 333-1~~ 500 0.356* 0.342 0.0146$ 500 [).373* 
600 O. 304-1~~ 0.292 0.0118$ 600 O. 320-l~* 0.308 0.0125$ 600 0.337** 
700 O. 274-1~~ 0.264 0.0103$ 700 O. 288-1~:I= 0.277 0.0109$ 700 0.309*:1= 

800 O. 258-1~~ 0.249 0.00918$ 800 0.270*:1= 0.260 0.00971$ 800 O. 287-1~ 
900 O. 264*~ 0.256 0.00828$ 900 O. 273-1~* 0.264 0.00876$ 900 O.289*:J: 

1000 O. 279-1~~ 0.271 0.00754$ 1000 0.288-1f:j: 0.280 0.00798$ 1000 0.305*:1= 
noo O. 291-1~~ 0.284 0.00695$ 1100 0.301** 0.294 0.00734$ 1100 0.319*:1= 

t Uncertainties in the total thermal conductivity, k, are as follows: 
30.00 Fe - 70.00 Ni: ± 12~ below 200 K and ± 20% above 200 K. 
25.00 Fe - 75.00 N:: ± 10'% below 100 K, ± 6% between 100 and 500 K, and ± 15% above 500 K. 
20.00 Fe - 80.00 N:: ±12~ below 100 K, ± 6~ between 100 and 500 K, and ±15% above 500 K. 
15.00 Fe - 85.00 N:: ±15% below 100 K, ± 8,% between 100 and 500 K, and ± 15~ above 500 K. 

* Provisional value. 

:I: Typical value. 

-I~ In temperature range where no experimental thermal conductivity data are available. 

k 
e 

C.357 
C.323 
C.297 

C.276 
C.280 
C.297 
C.311 

k 
g 

0.0158$ 
0.0136$ 
0.0119$ 

0.0106$ 
0.00949$ 
0.00863$ 
0.00796$ 

---

Fe: 15.00% (15.65 At. %) 
Ni: 85.00% (84.35 At.%) 

Po = 2.84 JjQ cm 

T k k k 
e g 

4 0.0371=1= 
6 0.0556:1= 
8 0.0742:1= 

10 0.0928:1= 
15 0.139:1= 

20 0.184* 
25 0.228:1= 
30 0.269:1= 
40 0.338* 
50 0.392* 

60 0.432:1= 
70 0.458:1= 
80 0.476=1= 
90 0.488*:1= 

100 0.498* 

150 O. 515-1~ 
200 O. 516-1~ 
250 O. 500-l~ 
273 0.494* 
300 O. 481-1~ 

350 O. 458-1~ 0.435 0.0234$ 
400 O. 439-1~ 0.418 0.0210$ 
500 0.395* 0.378 0.0175$ 
600 O. 360-l~:I= 0.345 0.0150$ 
700 O. 333-1~* 0.320 0.0131$ 

800 O. 316-1~* 0.304 0.0117$ 
900 O. 325-1~* 0.315 0.0105$ 

1000 O.339-1f:j: 0.330 0.00950$ 
1100 0.352*:1= 0.343 0.00876$ 
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TABLE 25. RECOMMENDED THERMAL CONDUCTIVITY OF IRON-NICKEL ALLOY SYSTEM (continued) t 
fTemperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal Conducti'fity. ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W em-1 K-l! 

- ---- --.~.~ ---.-~-.- --~- ---~ -- ------ ------- ---- ---- --- -----~~ 

Fe: 10.00,% (10. 46 At. '%) 
Ni: 90.00,% (89.54 At. %) 

Fe: 5.00,% ( 5.24 At. '%) 
Ni: 95.00% (94.76 A1,%) 

Fe: 3.00% ( 3.15 At. '%) 
Nt: 97.00% (96.85 At. %) 

Po:::: 2.38 J£'1. em Po :::: 1. 62 JJO cm Po"" 1. 04JJO em 

T It It It T k It 1{ T k 
e g e g 

4 0.0447:1: 4 0.0683:1: 4 [).0963:j: 
6 0.0670:1= 6 0.103:1= 6 [).146:j: 
8 0.0894:1= 8 0.137:1= 8 [).195:1= 

10 0.112:1: 10 0.170:1= 10 0.243:1= 
15 0.167:1: 15 0.247:1: 15 [).352:J: 

20 0.220:1: 20 0.320:1= 20 0.449* 
25 0.271:1: 25 0.387:1= 25 0.538:1= 
30 0.317:1= 30 0.446* 30 0.612:1= 
40 0.399:1: 40 0.544:1= 40 0.725:1= 
50 0.454:J: 50 0.61H 50 0.798:1: 

60 0.495:1: 60 0.657:1: 60 0.838:/= 
70 0.521:1: 70 0.684:!: 70 0.857:!: 
80 0.537* 80 0.697:1= 80 0.864:1: 
90 0.545*:1: 90 0.702:1: 90 0.865* 

100 O. 550~~ 100 0.703 100 0,861:{: 

150 0.561 * 150 0.680* 150 0.816* 
200 O. 555~~ 200 0.659* 200 0.760* 
250 I). 538~~ 250 0.628* 250 0.714* 
273 O. 529~~ 273 0.619* 273 0.695* 
300 0.517* 300 0.602* 300 0.675* 

350 0.4924~ 0.464 O. 0282~ 350 0.573* 0.528 0.0448$ 350 0.646* 
400 O. 469~~ 0.444 O. 0253~ 400 O. 5484~ 0.508 0.0400$ 400 0.616* 
500 0.4304~ 0.409 0.0210$ 500 0.504* 0.471 0.0328$ 500 0.571* 
600 O. 3984~* 0.383 0.018()$ 600 0.482* 0.454 0.0278$ 600 0.534* 
700 O. 377~~:l: 0.367 0.0157* 700 0.459* 0.435 0.0240:1: 700 0.513* 

800 O. 3704~:f; 0.364 0.0139$ 800 0.479* 0.458 0.0211$ 800 0.534* 
900 O. 385~~:f: 0.378 0.0126$ 900 0.495* 0.476 0.0189$ 900 0.552* 

LOOO O. 399~~:t- 0.388 0.0114$ 1000 O. 5104~ 0.493 0.0170$ 1000 0.572* 
1100 0.413*:1: 0.402 0.010!j$ 1100 0.523* 0.508 0.0155$ 1100 0.590* 

- - - '"- --------

t Uncertainties in the total thermal conductivity, k, are as follows: 
10.00 Fe - 90.00 Ni: ± 15% below 100 K, :I: 8% between 100 and ~OO K, and ± 15,& above 500 K. 

5.00 Fe - 95.00 Ni: ± 15,% below 100 K, :l: 6% between 100 and 500 K. and ± 10,% above 500 K. 
3.00 Fe - 97.00 Ni: ±15,% below 150 K, :1:6% between 150 and 500 K, and ±8% above 500 K. 
1.00 Fe - 99.00 Ni: ± 15% below 100 K, ± 10% between 100 and 250 K, and ± 6% above 250 K. 

:J: Provisional value • 

$ Typical value. 

~~ In temperature range where no experimental thermal conductivity data are available. 

ke kg 

0.586 0.0596$ 
C.563 0.0531$ 
C.527 0.0435$ 
C.497 0.0367$ 
Co 481 0.0318$ 

Co 506 0.0280$ 
(.527 0.0249$ 
(.550 0.0225$ 
(i. 570 0.0205$ 

----- ----

- - -- -

Fe: 1. 00" ( 1. 05 At. %) 
Ni: 99.00,% (98, 95 At. '%) 

Po = O. 364 J£'1. em 

T k k It 
e g 

4 0.276:J: 
6 0.405:f: 
8 0.530:1= 

10 0.655:1= 
15 0.943:1: 

20 1.17:1= 
25 1. 31:1= 
30 1. 39:1= 
40 1. 45:1= 
50 1.43:1: 

60 1. 39:1= 
'10 1. 34:l: 
80 1. 29:1= 
90 1. 24:f: 

100 1. 20 

150 1. 044~ 
200 O. 937~~ 
250 0.862* 
273 O. 835~~ 
300 O. 8084~ 

350 0.759* 0.668 0.09]3$ 
400 0.718* 0.638 0.0802$ 
500 0.652* 0.586 0.0656$ 
600 0.598* 0.544 O. 05~,s:~ 
700 0.592* 0.545 0.0468$ 

800 0.615* 0.574 0.0410$ 
900 O. 638~~ 0.602 0.0364$ 

1000 0.660* 0.627 0.0328$ 
1100 O. 681~~ 0.651 0.0299$ 

'------
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TABLE 25. RECOMMENDED THERMAL CONDUCTIVITY OF IRON-NICKEL ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thennal Conductivity, k, W cm-1 K-I; Electronic Thermal Conductivity, ke' W cm-1 K-t; Lattice Thermal Conductivity, kg' W cm-1 K-t) 

Fe: 0.50% ( O. 53 At. %) 
Ni: 99.50% (99.47 At. %) 

Po = O. 182 pO cm 

T k k k 
e g 

4 0.545:1= 
6 0.796:1: 
8 1.04:1: 

10 1.29:1: 
15 1. 85:1: 

20 2.10:1: 
25 2.33:1: 
30 2.32:1: 
40 2.19:1: 
50 2.0l:f: 

60 1.84:1: 
70 1. 69:1: 
80 1. 57:1: 
90 1. 47:1: 

100 1.38 

150 1.13* 
200 O. 9944~ 
250 O. 9144~ 
273 0.8844~ 

300 O. 8524~ 

350 0.801 0.695 0.106$ 
400 0.758 0.665 0.0932$ 
500 0.686 0.611 0.0752$ 
600 0.625 0.562 0.0630$ 
700 0.621 0.567 0.0542$ 

800 0.643 0.596 0.0474$ 
900 0.667* 0.625 0.0422$ 

1000 0.689* 0.651 0.0380$ 
1100 0.708* 0.673 0.0346$ 

----------_._----

t Uncertainties in the total thermal conductivity, k, are as follows: 
O. 50 Fe - 99.50 Ni: ± 2()% bel()w 100 K, ± 10% between 100 and 250 K, and ± 6% above 250 K. 

:I: Provisional value. 

$ Typical value. 

4~ In temperature range where no experimental thermal conductivity data are available. 
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TABLE 26. THERMAL CONDUCTIVITY OF mON + NICKEL ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K Designation Fe Ni 

99 Chari, M. S.R. and 1959 L 1.6-88 3703 Bal. 5.10 0.34 Mn, 0.16 Si, 0.11 C, 0.04 S, and 0.041 P; 7.5 mm diameter rod 
de Nobel, J. specimen; heated to 800 C and cooled in furnace. 

132 Silverman, L. 1953 C 323-1173 42% Ni-iron 55.8 43.91 0.22 Mn, 0.050 C, and 0. 1)03 S; annealed at 950 C; Advance used as com-
parative material. 

3 96 Powell, R. W. and 1939 C 273-423 Carbon steel; 1 Bal. 0.55 0.38 Mn, 0.08 Cu, 0.06 C, 0.039 As, 0.035 S, 0.03 Mo, 0.022 Cr, 0.017 P, 
Hickman, M.J. C.01 Si, and 0.001 AI; 1 in. diameter and 8 ir .• long; annealed at 930 C; -t 

:J: censity 7.871 g cm- 3; electrical resistivity 11.9,14.6,17.8, 21.1, m md 24.9 /.to, cm at 0, 50, 100, 150, and 200 C, respectively. 
3: 

4 96 Powell, R. W. and 1939 C 273-573 Alloy steel; 9 Bal. 3.47 0.55 Mn, 0.325 C, 0.18 Si, 0.17 Cr, 0.086 Cu, 0.034 S, 0.032 P, 0.023 As, :. 
Hickman, M. J • C. 04 Mo, 0.01 V, and 0.006 AI; annealed at 850 C; density 7.855 g cm- 3; .... 

electrical resistivity 25.5, 28.4,31.5,34.9,38.5,42.5, and 46.8 n 
,.0, cm at 0, 50, 100, 150, 200, 250, and 300 C, respectively. 0 

Z 5 162 Powell, R. W. 1946 273-1473 The above specimen; thermal conductivity values calculated from measured C 
Electrical resistivity by the Wiedemann-Franz relation using extrapolated C 
values of Lorenz function obta ined from the previous thermal conductivity n 

-t 
neasurements. <: 

98 Ingersoll, L. R. , 1920 L 330 144E Bal. 1. 07 <0.1 C; electrolytic •. ~ 
Mussehl, O. F., SVIlartz, -< 
n. L., Smith, H. F. , 0 
Thompson, C.G., Mahre, -n 
M. A., Frederickwn, UJ 
J. F. and Hubbard, n.R. Z 

7 98 Ingersoll, L.R., et ale 1920 L 330 144F Ba1. 1. 93 <0. L C; electrolytic. :. 
:::a 

98 Ingersoll, L.R., et ale 1920 L 330 144J Ba1. 7.05 <0. L C; electrolytic. -< 
9 98 Ingersoll, L. R., et ale 1920 L 330 157D Bal. 10.20 <0. L C; electrolytiC. :. .... 

10 ~8 Ingersoll, L. R., et a1. 1920 L 330 
.... 

144M Ba1. 13.11 <0. L C; electrolytic. 0 
Ingersoll, L. R. , et al. 144P Bal. 19.21 <0. L C; electrolytic. -< 11 98 1920 L 330 

CIt 
12 98 Ingersoll, L.R., et al .• 1920 L 330 166G Ba1. 22.11 <O.l C; electrolytic; electrical resistivity repor:ed as 38.7,45.4,53.4, -< 

CIt !- 62.7, 72.5, 82.1, 108.3, and 111.610'0, cm at 273.2, 373.2, 473.2, -t 
" 573.2,673.2,773.2, 873.2, and 973.2 K, respectively. m ::r 3: '< 
!" 13 98 Ingersoll, L. R. , et ale 1920 L 330 154S Ba1. 25.20 <0. L C; electrolytic. CIt 
n 
::r 14 98 Ingersoll, L. R., et ale 1920 L 330 166C Ba1. 28.42 <0. L C; electrolytic. CD 

~ 15 98 Ingersoll, L. R., et al. 1920 L 330 166L Bal. 35.09 <0. L C; electrolytic; electrical resistivity repor:;ed as 90.3, 100.0, 108.1, 
;10 

115.2, 119.4, 123.2, 125.9, and 129.3 10'0, cm at 273.2, 373.2, 473.2, ~ 
0 573.2, 673.2, 773.2, 873.2, and 973.2 K, respectively. 
a 16 98 Ingersoll, L. R., at al. 1920 L 330 1660 Bal. 47.08 <O.L C; electrolytic; electrical resistivity reported as 44.2,60.0,75.6, ,it 
< 92.1, 103.3, 109.3, 112.3, and 114.010'0, cmat 273.2,373.2,473.2, 

~ 573".2, 673.2, 773.2, 873.2, and 973.2 K, respectively. 

~ 17 131 Ellis, W. C., Morgan, 1928 P 305 Climax Bal. 30.0 2.5 mm diameter and 25 mm long; denSity 8.01 g em-a; electrical eondue-
Z F.L. and Sager, G.F. tivity 1.052 x 104 0.- 1 cm- i at 32 C; thermal conductivity value calculated 
!> from measured thermal diffusivity and· specific heat capacity. 
~ 

-0 ,.. ..., .... 
Q) 
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." TABLE 26. THERMAL CONDUCTIVITY OF mON + NICKEL ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) ~ ':T 

'< (D 
!II 
n 
':T Name and Composition CD Cur. Ref. Method Temp. 
? No. No. 

Author(s) Year Used Range,K' 
Specimen (weight percent) Composition (continued), Specifications, and Remarks 

:lO Designation Fe Ni 
~ 
0 18 163 Marue, H. 1925 C 446 Nickel steel Bal. 3.41 0.45 C; steel used as comparative material. 
2-
!l 19 102 Watson, T. W. and 1961 L 125-263 AISI2515 94.076 4.91 0.52 Mn, 0.33 Si, and 0.14 C; specimen about 2.54 cm in diameter and 
< Robinson, H. E. about 37 cm long; furnished by International Nickel Co.; normalized at 
~ 1144.3 K, tempered at 866. 5 K. 
"-J 

Z 
20 102 Watson, T. W. and 1961 L 183-483 AISI2515 The above specimen, run 2. 

~ Robinson, H. E. 
~ 21 102 Watson, T.W. and 196J L 372-573 AISI2515 The above specimen, run 3. 
..0 
"-J 

Robinson, H. E . 
00 22 102 Watson, T. W. and 196] L 400-696 AISI2515 The above specimen, run 4. 

Robinson, H. E. 

23 102 Watson, T.W. and 196] L 423-908 AISI2515 The above specimen, run 5. 
Robinson, H. E. 

24 101 Backlund, N. G. 1961 L 100-280 3 0.946 Ori~inal material supplied by Heracus, Inc.; re-melted and rolled into bars 
with a cross-section of about 15 mm2 and a length of 100 mm; after a 
short rollin~, annealed at 1373 K for 2 hr in evacuated silica tubes, then 
rolled to final form and annealed at about 773 K for 10hr; electrical re-
sistivity 3.4, 7.9, and 12. 9 J.l.O cm at 90, 193, and 290 K, respectively. ::J: 

25 101 Blicklund, N. G. 1961 L 100-280 5 1. 90 Similar to the above specimen; electrical resistivity 5.3, 9.5, and 15.1 0 
110 cm at 90, 193, and 290 K, respectively. m 

-t 
26. 102 Watson, T. W. and 1961 L 123-813 High-perm~49 49.503 49.15 0.44 Mn, 0.54 Si, 0.09 C::, and 0.035 C; specimen 2.54 cm in diameter and » Robinson, H. E. 37cm long; supplied bS International Nickel Co. ; packed in powder and :-

annealed in hydrogen 5 hr at 922.1 K, 5 hr at 1450 K; furnace cooled to 
700 K; data presented ~s a smooth curve~ 

27 102 Watson, T. W. and 1961 L 123-813 Invar 63.97 35.41 0.13 Si, 0.06 C, and 0.04 Cr; specimen 2.54 cm in diameter and 37 cm long; 
Robinson, H. E. supplied by International Nickel Co.; annealed 30 min at 1102.6 K, water-

quenched, air-cooled at 588.7 K for 1 hr and at 369.3 K for 48 hr; data 
presented as a smooth curve. 

28 102 Watson, T. W. and 1961 L 123-813 AISI2315 95.483 3.46 0.54 Mn, 0.32 Si, and 0.]6 C; specimen 2.54 cm in diameter and 37 cm 
Robinson, H. E. long; supplied by International Nickel Co. ; normalized at 1172.5 K and 

tempered at 866.5 K; data presented as a smooth curve. 

29 102 Watson, T. W. ane 1961 L 123-813 1% Ni 97.984 1.04 0.5G Mn, 0.27 Si, and 0.126 C; specimen 2.54 cm in diameter and 37 cm 
Robinson, H. E. long; supplied by Interr.ational Nickel Co. ; normalized at 1200 K, tem-

pered at 86(J. 5 K; presented as a smooth curve. 

30 97, Kohlhaas, R. and 1966 L 90-298 10 Ni 14 3.75 0.45 Mn, 0.32 Si, and 0.06 C; heat-treated in air at 850 C for 0.5 hr and 
181 Kierspe, W. tt 600 C for 2 hr; electrical resistivity 16.78,21.80, 22.89, 24.31, 

25.82,27.08,28.36,29.50, and 30.70 J.l.O cm at -190, -70, -50; -25, 
~, 20, 40, (JO, and 80 C, respectively. 

31 97, Kohlhaas, R. and 1965 L 90-298 12 Ni 19 4.75 0.40 Mn, 0.35 Si, and 0.086 C; same heat-treatment as above; electrical 
181 Kierspe, W. resistivity 18.26,23.43,24.51,25.96,27.81,28.78,29.98,31.19, and 

::2.43 ",Ocm at -190,.,.70,-50,-25,0,20,40,60, and 80 C, respectively. 

32 164 Bungardt, K. and 1965 L 293-973 Ni 36 Bal. 36.91 0.32 Mn, 0.012 P, 0.08 AI, 0.05 Si, 0.06 Mo, 0.05 Co, 0.02 C, and 0.008 S; 
Spyra, W. cylindrical specimen; beat-treated in water at 1000 C for 24 hr; electrical 

resistivity 78.1, 86.8,96.3,101.7,105.7,109.0,.112.2,115.0,117.5, 
119.7, 121.j, and 123.7./J.O cm at 20,100,200,300,400,500,600,700, 
800, 900, 1000, and 1BO C, respectively; smoothed values reported. 



TABLE 26. THERMAL CONDUCTIVITY OF IRON -I- NICKEL ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Method Temp. Name and Composition 

No. No. i\uthor(s) Year Used Range,K Specimen (weight percent) Comp,)sition (continued), SpeCifications, and Remarks 
Designation Fe Ni 

33 99 Chari, M. S.R. snd 1959 L 1. 7-76 1287 I 11. 39 0.93 Mn, 0.22 Si, and 0.18 C; 5.5 mm diameter rod specimen; heated to 
de Nobel, J. 800 C and cooled in furnace. 

34 99 Chari, M.S.R. ~nd 1959 L 1. 7-76 1798 H 19.64 1. 09 Mn and O. 43 C; 7.5 mm diameter rod specimen; same heat-treatment 
de Nobel, J. as the above specimen. 

35 100 de Nobel, J. 1951 L 15-180 1287 D 1. 92 0.72 Mn, 0.21 Si, and 0.14 C; 0.5 cm diameter and 4 cm long; heated to 
-f 800 C and cooled in furnace. % 

36 100 de Nebel, J. 1951 L 15-96 1449 A 31.4 0.82 Mn and O. 70 C; 0.5 em diameter and 4 cm long; heated to 800 C and 
m 
~ 

cooled in furnace. ~ 
37 100 de Nebel, J. 1951 L 15-87 3450-3 36.17 0.92 Mn, 0.09 S, and 0.16 C; 0.5 cm diameter and 4 cm long; heated to » ,.... 

1050 C an:1 quenched in water. n 
38 165 Honda, K. 1918 E 303 2a 4.6 0.48 Cu, 0.:31 Mn, 0.11 Si, 0.10 C, 0.028 P, 0.026 S, a:J.d 0.012 Co 0 

(calculate:1 composition); 5 mID diameter and 20 cm long; prepared by Z 
C melting tcgether iron and nickel in a porcelain crucible, resulting alloy c:: 

polished, forged, annealed, and filed to size; annealed at 900 C; n 
electrical conductivity 3.62 x 104 '1-1 cm-1 at 30 C. -f 

< 39 165 Honda, K. 1918 E 303 2b Same composition, dimenSions, and fabrication method as the above speci- =t 
men; cooled once to -190 C in liquid air; electrical conductivity 3.64 x -c: 
104 '1-1 cm-1 at 30 C. 0 

40 . 165 Honda., K. 1918 E 303 3a 9.2 0.67 Cu, 0.32 Mn, 0.1] C, 0.11 Si, 0.027 P, 0.025 S, and 0.024 Co "'" 
(calculated composition); same dimensions and fabrication method as CJI 

the above specimen; annealed at 900 C; electrical concuctivity 2.81 x Z 
104 '14. cm-1 at 30 C. » 

~ 
41 165 Hond:l., K. 1918 E 303 3b Same composition, dimensions, and fabrication method as the above speci- -c: 

men; cooled once to -190 C in liquid air; electrical conductivity 2.76 x » 104 (61 cnC1 at 30 C. ,.... ,.... 
42 165 Honda, K. 1918 E 303 4a 1::.8 0.87 Cu, 0.32 Mn, 0.12 C, 0.12 Si, 0.035 Co, 0.025 P, and 0.025 S 0 

(calculated compositon); same dimensions and fabricltion method as -< 
the above specimen; annealed at 900 C; electrical conductivity 2.65 x CI' 

!- 104 0-1 cm-1 at 30 C. -< 
CI' 

" -t 
':T 43 165 Honda, K. 1918 E 303 4b Same composition, dimensions, and fabrication method as the above speci- m '< 
!II men; cooJed once to -190 C in liquid air; electrical cO:lductivity 2.56 x 3: 
n 1040-1 cn-1 at 30 C. ~ 
::r 
4t 

Honda, 1(. E 18.5 1. 06 Cu, 0.32 Mn, 0.13 C, 0.12 Si, 0.048 Co, 0.024 P, and 0.024 S ;1 44 165 1918 303 5a 
;10 (calculated composition); same dimensions and fabrication method as 
~ the above specimen; annealed at 900 C; electrical conductivity 2.22 x 
0 104 '1-1 cm-1 at 30 C. 
9, 

45 165 Honea, K. 1918 E 303 5b Same composition, . dimensions, and fabrication method as the above speci-,D 

< men; cooled once to -190 C in liquid air; electrical conductivity 2.42 x 
~ 104 0-1 em1 at 30 C . 
..... 

46 165 Honria, K. 1918 E 303 6a 21. 2 1. 17 Cu, 0.32 Mil, 0.135 C, 0.12 Si, 0.05 Co, 0.023 P, and 0.024 S 
Z (calculated composition); same dimensions and fabrication method as ~ 
~ the above specimen; annealed at 900 C; electrical conductivity 2.01 x 

1040-1 cm-1 at 30 C . 
..0 

~ ..... 
lID '-0 



~ TABLE 26 • THERMAL CONDUCTIVITY OF mON + NICKEL ALLOYS -- SPECIMEN CHARACTERIZATIO~ AND MEASUREMENT INFORMATION (continued) 
." 
-:r U'I '< 0 ~ 
n 

Cur. Ref. Metl':od Temp. Name and Composition -:r 
ID Author(s) Year Specimen (Weight percent) Composition (continued), Specifications, .and Remarks 
~ No. No. Used Range,K Designation Fe Ni 
;III 

~ 47 165 Honda, K. 1918 E 303 6b Same composition, dimensions, and fabrication method as the above 
0 specimen; annealed a.t 900 C; electrical conductivity 2.20 x 104 '1-1 cm-1 a 
; 30 C. 
< 48 165 Honda, K. 1918 E 303 7a 23.6 1.27 Cu: 0.32 Mn, 0.14 C, 0.12 Si, 0.061 Co, 0.024 S, and 0.022 P 
~ (calculated composition); same dimensions and fabrication method as the 
." above specimen; annealed at 900 C; electrical conductivity 1. 82 x 
Z 1040-1 cm-1 at 30 C. ~ 
!-' 491,< 165 Honda, K. 1918 E 303 7b Same composition, dimensions, and fabrication method as the above 
-0 specimen; cooled once to -190 C in liquid air; electrical conductivity 

" 2.33 x 104 0-1 cm-1 d 30 C. Oil 

50 165 Honda, K. 1918 E 303 9a 27.7 1.44 Cu, 0.32 Mn, 0.15 C, 0.12 Si, 0.071 Co, 0.023 S, and 0.021 P 
(calculated composition); same dimensions and fabrication method as the 
above specimen; annealed at 900 C; electrical conductivity 1. 07 x 
104 0-1 cm-1 at 30 C. 

51':< 165 Honda, K. 1918 E 303 .9b Same composition, dimensions, and fabrication method as the above 
specimen; cooled once to -190 C in liquid air; electrical conductivity 
2. 40 x 1040-1 cm-1 E.t 30 C. 

52 165 Honda, K. 1918 E 303 lOa 29.1 1. 51 Cu, O. 32 Mn, O. 15 C, O. 12 Si, O. 075 Co, O. 023 S, and O. 021 P 
:t (calculated composition); same dimensions and fabrication method as the 0 above specimen; annealed at 900 C; electrical conductivity 1. 02 x 

1040-1 cm-1 at 30 C. m 
-t 

53 165 Honda, K. 1918 E 303 lOb Same composition, dimenSions, and fabrication method as the above » specimen; cooled once to -190 C in liquid air; electrical conductivity r 
2.35 x 104 '1-1 cm-1 at 30 C. . 

54 165 Honda, K. 1918 E 303 lla 30.5 1. 56 Cu, 0.32 Mn, 0.155 C, 0.12 Si, 0.078 Co, 0.023 S, and 0.020 P 
(calculated composition); same dimensions and fabrication method as the 
above specimen; annealed at 900 C; electrical conductivity 1. 08 x 
1040-1 cm-1 at 30 C. 

55 165 Honda, K. 1918 E 303 llb Same composition, dimensions, and fabrication method as the above 
specimen; cooled once to -190 C in liquid air; electrical conductivity 
1. 95 x 104 '1-1 cm-1 at 30 C .. 

56 165 Honda, K. 1918 E 303 12a 32.8 1. 65 Cu, 0.33 Mn, 0.13 C, 0.12 Si, 0.084 Co, 0.023 S, and 0.019 P 
(calculated composition); same dimensions and fabrication method as the 
above specimen; annealed at 900 C; electrical conductivity 1. 01 x 
104 0-1 cm-1 at 30 C. 

57 165 Honda, K. 1918 E 303 12b Similar to the above sp3cimen except cooled once to -190 C in liquid air 
instead of annealing. 

58 165 Honda, K. 1318 E 303 13a 36.9 1.83 Cu, 0.32 Mn, 0.17 C, 0.13 Si, 0.095 Co, 0.022 S, and 0.018 P 
(calculated composition); same dimensions and fabrication method as the 
above specimen; annealed at 900 C; electrical conductivity 1. 25 x 
104 0-1 cm-1 at 30 C. 

59 96 Powell, R. W. and 1939 C 273-623 High-Ni steel; 28.37 0.89 Mn, 0.28 C, 0.15 Si, 0.030 Cu, 0.027 As, 0.012AI, 0.009 P, 0.003 S, 
Hickman, M.J. 14 and trace Cr; 1 in. diameter and 8 in. long; heated to 950 C and cooled in 

water; electrical resistivity 84.0, 86.8, 89.9, 92.9, 95.9, 98.9, 102.0, 
and 104.8 fJO cm at 0, 50, 100, 150, 200, 250, 300, and 350 C, respec-
tively; iron used as [}omparative material. 

~< Not shown in figure. 
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TABLE 26. THERMAL CONDUCTIVITY OF IRON + NICKEL ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Method 
No. No. 

Author(s) Year Used 

60 102 Watson, T. W. and 19€1 L 
Robinson, H. E. 

61 102 Watson, T. W. and 19H L 
Robinson, H. E. 

62 102 Watson, T. W. and 1961 L 
Robinson, H. E. 

63 97, Kohlhaas, R. and 1965 L 
181 Kierspe, W. 

64-l~ 191 Holder, T. K. 1977 L 

* Not shown in figure. 

Temp. Name and 

Range,K 
Specimen 

Designation 

123-813 Low-exp-42 

123-813 free cut Invar 

123-813 9% Ni 

88-297 X8 Ni9 

87-402 

Composition 
(weight percent) 

Fe Ni 

56.303 42.11 

62.233 35.84 

90.29 8.56 

8.35 

3.15 

Composition (continued), Specifications, and Remarks 

0.97 Mn, 0.16 Si, 0.09 Cr, and 0.085 C; specimen 2.54 cmin diameter 
and 37 cm long; supplied by International Nickel Co.; annealed for 30 min 
at 1088.7 K. furnace cooled; data presented as a smooth curve. 

0.81 Mn, 0.34 Si, 0.12 Cr, and 0.08 C; specimen 2.54 cm in diameter 
and 37 cm long; supplied by International Nickel Co. ; annealed for 30 
min at 1102.6 K, water quenched, and air cooled 1 hr at 588.7 K, then 
48 hr at 369.3 K; data presented as a smooth curve. 

0.77 Mn, 0.28 Si, and 0,10 C; specimen 2.54 cm in diameter and 37 cm 
long; supplied by International Nickel Co. ; normalized at (1650 + 1450 F) 
(1172 + lOB! K). tempered at 838.7 K; data presented as a smooth curve. 

0.74Mn, 0.28Si, 0.051C, 0.016P, and 0.009 N; heat-treated in air at 
790 C for 0.5 hr and at 570 C for 3.5 hr; electrical resistivity 22.66, 
28.20, 29.34, 30.90, 32.56, 33.96, 35.21, 36.48, and 37.70 p.0 cm at 
-190, -70, -50, -25, 0; 20, 40, 60, and 80 C, respectively. 

0.15 0, < 0.01 Si, 0.005 Cu, O. 0028 C, O. 0018 H, and 0.0015 N; polycrys
talline, photomicrograph showed specimen was not homogeneous single 
phase material; righ: circular cylindrical specimen 0.65 cm in diam 
and about 7. 6 cm long; arc-cast, swaged, annealed in argon at 1223 K 
for 2 h, cooled to 873 K and held there for 20 h, and furnace-cooled to 
room temperature; electrical resistivity 6.66, 8.20, 9. 72, 11.10, 
12.55,14.03,15.57,17.36,17.39,19.00,20.80, 22.67, and 24.00 
p.0 cmat82.6, 116.7, 148.7, 176.6,205.2,233.7,262.1,294.5, 
295.1, 322.5, 352.3, 381. 4, and 401. 5 K, respectively; thermoelectric 
power 4. ~O, 5.21, 5.85, 5.97, 5.71, 5.12, 4.41, 3.53, 2.85, 2. 78, 
1.61, 0.70, -0.36, -1. 29 p.V K-1 at 86.9, 113.2, 139.6, 170.2, 193.4, 
219.0, 243.3, 268.5, 294.3, 296.2, 328.4, 352.7, 379.7, and 402. 1 K, 
respectively; ratio 0[ resistance at 273.15 K to that at 4.2 K was 3.00; 
thermal conductivity, electrical resistivity, and thermoelectric power 
accurate to within ± 1. 2%, ± 0.4%, and ± O. 1 IJ, V K- 1, respectively; pre
liminary calculations indicated thermal conductivity and electrical re
sistivity altered by as much as 1% by the presence of Fea04; data ex
tracted from table. 
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~ TABLE 27. THERMAL CONDUCTIVITY OF NICKEL + IRON ALLOYS -- SPECIMEN ClfARACTERIZATION AND MEASUREMENT INFORMATION ..., 
." 
:r 
~ 
n 

Cur. Ref. Method Temp. Name and Composition 
:r Author(s) Year Specimen (weight percent) Composition (continued), Specifications, and Remarks CD No. No. Used Range,K 
~ Designation Ni Fe 
;11:1 

~ 98 Ingersall, L.R. 1920 L 293,373 166 Q 75.06 <:::0.1 C; prepared from 99.97 pure iron and high-purity nickel by forging; 
0 0.98 cm in diameter and 5.1 to 6.7 em long; electrical resistivity 
9. 
!l 23.4, 31.3, 40.0, 51. 0, 62.0, 70.2, 75.0, and 78.3 IlO cm at 0, 100, 

< 200, 300, 400, 500, 600, and 700 C, respectively. 
0 

Silverman, L. 1.12 Mn, 0.024 C, and 0.003 S; annealed at 950 C;Advance (55 Cu, 45 Ni) :- 2 132 1953 C 323-1173 50.85 48.5 
::" used as comparative material. 
Z 

99+ !> 3 108 Shelton, S. M. and 1933 C 512-685 N. S. nickel, 0.6 1).14 Cu, 0.09 Mn, and 0.014 S; 2 cm in diameter and 15 cm long; lead 
~ Swanger, W.H. commercial used as comparative material. 

..0 4 108 Shelton, S. M. and 1933 C 313.2 N.S. nickel, Similar to the above specimen. ...., 
co Swanger, W.H. commercial 

5 108 Shelton, S. M. and 1933 C 339-864 N. S. nickel, Similar to the above specimen except nickel used as comparative material. 
Swanger, W. H. commercial 

6 166 Bell, 1. P. and 1953 :.. 328-472 Nickel, 99.4 0.2 0.1 Mg, 0.05 Co, 0.03 Sn, 0.026 C, 0.02 Si, 0.01 Cr, 0.01 Mn, 0.005 S, 
MacDonald, J.J. commercial 0.003 Ti, and 0.002 each of Al and Pb; cylindrical specimen. 

7 107 Berger, L. and 1962 4.2,80 85.2 14.8 0.2 em diameter and 5.2 em long; fused in an induction furnace under vacuo 
Rivier, D. of 10-3 torr; the mixture of Ni and Fe supplied by Johnson-Matthey; :t 

cold-rolled, annealed at 1173 K for 2 hr, slowly cooled; electrical 0 
resistivi~y 3.78,4.60, and 13.22 f,J.O cm at 4.18, 80.5, and 292.7 K, rn respectively. -t 

8 107 Berger, L. and 1f}62 L 4.2 The above specimen measured in transverse magnetic fields ranging from » 
Rivier, D. 0.150 to 1. 92 W m-:. !'"'" 

9 107 Berger, L. and 1962 L 80 The above specimen measured in transverse magnetic fields ranging from 
Rivier, D. 0.373 to 1. 92 W m-:. 

10 107 Berger, L. and 1962 L 4.2 The above specimen measured in longitudinal magnetic fields ranging from 
Rivier, D. 0.079 to 1. 76 W m-~. 

11 107 Berger, L. and B62 L 80 7he above specimen measured in longitudinal magnetic fields ranging from 
Rivier, D. 0.051 to 1.41 W m-~. 

12 81 Farrell, T. and 1)69 L 1. 3-106 0.8 Aboot 3 mm in ~iameter and 9 em long; chill-cast under vacuum; annealed 
Greig, D. at 850 C for 15 hr: residual electrical resistivity 0.307 IJO em. 

13 81 Farrell, T. and 1369 1 2.8-100 1.7 Similar to the above specimen except residual electrical resistivity 0.713 
Greig, D. IJO em; electrical resistivity 7.99 1-'0 cm at 0 C. 

14 81 Farrell, T. and U69 1 4.5-105 4.4 Similar to the above specimen except residual electrical resistivity 1. 80 
Greig, D. IJO em; electrical resistivity 9.84 f,J.O cm at 0 C. 

15 105 Yelon, W.B. and B70 1 1.3-4.1 Permalloy 82 18 Calculated composition. 
Berger, L. 

16 105 Yelon, W. B. and B70 1 1.5-4.1 Permalloy 71 29 Calculated composition. 
Berger, L. 

17 105 Yelon, W. B. and 1970 1 1. 5-4.0 Permalloy The above s;lecimen measured in a longitudinal magnetic field of 0.781 T. 
Berger, L. 

18'~ 105 Yelon, W. B. and 1970 1 1. 5-4.0 Permalloy The above specimen measured in a longitudinal magnetic field of 3. 3 T. 
Berger, L. 

'~Not shown in figure. 



TABLE 27. THERMAL CONDUCTIVITY OF NICKEL + IRON ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Method Temp. Name and Composition 
Author(s) Yea:' Specimen (weight percent) Composition (continued), Specifications, and Remarks 

No. No. Used Range,K Designation Ni Fe 

19 105 Yelon, W.B. and 197C L 1. 5-4. 0 Permalloy The above specimen measured ina longitudinal magnetic field of 5.94 T. 
Berger, L. 

20 106, Yelon, W. B. and 197C L 1.6-4.4 29.8 Prepared by ft:sing Johnson-Matthey metals in argon atmosphere, remelting 
177 Berger, L. and casting into 0.5 in. rods in helium, swaging to 0.3125 in. in diameter. 

homogenizing in hydrogen at 1200 C for 38 hr, cooling to 900 C in vacuum ... 
and annealing for 2 hr; grain size 0.1 ~ 0.5 mm; electrical resistivity :r:: 
4. 24IJ..O crn at 4.2 K; run 7. m 

:xJ 

21 106, Yelon, W. B. and 197C L 1.5-4.4 The above specimen measured in a parallel magnetic field of 7.81 kG. ~ 
177 Berger, L. » ..... 

22 106, Yelon, W. B. and 197C L 1.6-4.4 The above specimen measured ~n a parallel magnetic field of 33.00 kG. n 
177 Berger, L. 0 

23 106, Yelon, W. B. and 197C L 1. 6-4.4 The above specimen measured in a parallel magnetic field of 59.40 kG. Z 
0 

177 Berger, L. C 

24 106, Yelon, W.B. and ThE above specimen, no magnetic field; run 8. 
n 

197( L 1. 5-4.3 -I 
177 Berger, L. <: 

25 106. Yelon, W.B. and I9n L 1. 3-4.4 The above specimen measured in a parallel magnetic field of 7.81 kG. =t 
-< 

17"{ Berger, L. 
0 

26 106. Yelon, W. B. and 197( L 1. 5-4.4 The above specimen measured in a parallel magnetic field of 59.40 kG. ." 

177 Berger, L. ." 

27 106, Yelon, W. B. and 197~ L 1. 3-4.7 18.9 Sarne preparation nethod as the above specimen; grain size 0.1-0.5 mm; Z 
177 Berger, I.. electrical resistivity 4. 32 lAO cm at 4.2 K; run 2. )10 

:la 
28 106, Yelon, W. B. and I97~ L 1. 3-4.6 The above specimen measured in a parallel magnetic field of 7.15 kG. -< 

177 Berger, L. » 
Yelon, W. B. and 1970 The above specimen measured in a parallel magnetic field of 59.40 kG. 

..... 
29 106, L 1. 4-4. 6 ,.. 

177 Berger, L. 0 
-< 

30 106, Yelon, W. B. and 1970 L 1. 3-4.6 The above specimen measured in a parallel magnetic field of 7.15 kG; run 3. CI) 

"- 177 Berger, L. -< 
"It! 

(It 

31 106, Yelon, W. B. and 1970 L 1. 2-4.6 The above specimen measured in a parallel magnetic field of 33. 00 kG. -f :r m ~~ 177 Berger, L. ~ 
n 

Yelon, W.B. and 1970 ~1. 3-4.6 The above specimen measured in the same magnetic field; run 4. 
(It 

::::r 32 106, L 
11) 

177 Berger, I.. ~ 
'" 33 106, Yelon, W.B. and 1970 L 1.3-4.6 The above specimen measured in a parallel magnetic field of 59.40 kG. 
~ 177 Berger, L. 
0 
0 34 102 Watson, T.W. and 196~ L 123-813 HyMu 80 79.24 15.283 0.71 Mn, 0.19 Si, 0.08 Cr, and 0.049 C; 2.54 cm diameter and 37 em long: 
.~ Robinson, H. E. supplied by Internatioml Nickel Co.; powder packed in, annealed in 
<: hydrogen at 922 K (120[) F) for 5 hr and at 1450 K (2150 F) for 5 hr, 
?- furnace cooled to 700 l{ (800 F), then cooled in hydrogen; smoothed 
:-' 'ralues reported. 
2: 
!> 35 100 de Nobel, J. 1951 L 15-93 5277 57.5 1. 31 Mn, 0.34 C, and 0.14 Si; as forged. 
!..;) 

-0 .... (11 
00 Co) 
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TABLE 27. THERMAL CONDUCTIVITY OF NICKEL + mON ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. Author(s) Year 
No. No. 

36 187 Moore, J.P •• 1971 
Kollie, T. G •• 
Graves, R. S., and 
McElroy, D. L. 

37 187 Moore, J. P., et al. 1971 

Method Temp. 
Used Range,K 

L 80-400 

L 80-400 

Name and 
Specimen 

Designation 

Dl 

01 

Composition 
(weight percent) 

Ni Fe 

75.424.2 

Composition (continued), Specifications, and Remarks 

< 0.1 total impurities; 2. 5 cm diameter x 7. 5 cm long; cast, machined, 
swaged, and lapped; annealed at 1375 K for 24 h and then quenched in 
ice water; electrical resistivity 42. 5, 5.05, 5.55, 6.18, 6.90, 7.70, 
8.65. 9.64, 10.78, 11.99, 13.35, 14.75, 16.20, 17.75, 19.44. 21.15, 
22.95, and 24.77 ).to em at 4.2, 80, 100, 120, 140, 160, 18P, 200, 220, 
240, 260, 280, 300, 320, 340, 360, 380, and 400 K, respectively; 
smoot}: values reIOrted. 

The abOVE specimen heated to 1350 K in a vacuum of 10- 7 torr and cooled 
at a rate of 5 K min-1 to room temperature; with high degree of local 
order; electrical resistivity 4.00, 4.77, 5.24, 5.80, 6.46, 7.19, 8.03, 
9.00, 10.07, 11.22, 12.48, 13.78, 15.13, 16.56, 18.08, 19.69, 21. 45, 
and 23.17 J,.LO em at 4.2, 80, 100, 120, 140, 160, 180, 200, 220, 240, 
260, 280, 300, 320, 340, 360, 380, and 400 K, respectively; smooth 
values reported. 
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4.10. Silver-Palladium Alloy System 

The silver-palladium alloy system exhibits complete solid 
solubility and is analogous to the copper-nickel alloy system', 
but without the complications of ferromagnetic effects and 
with an electronic specific heat that is better behaved [109]. 

There are 32 sets of experimentai data available for the 
thermal conductivity of this alloy system. However, of the 18 
data sets avail-abel for Ag+ Pd alloys listed in table 29 and 
shown in figure 63, six sets are merely single data points, and 
of the 14 sets for Pd+ Ag alloys listed in table 30 and shown in 
figure 64 seven sets are single data points. 

This alloy system is the most extensively studied among the 
noble metal-palladium alloy systems, but the only reliable ex
perimental data on thermal conductivity are the low tempera
ture measurements by Kemp et a1. [110] (Pd+Ag curves 6-8 
and Ag+Pd curves 6-14), Tainsh and ,White [111] (Ag+Pd 
curves 16-18), and Fletcher and Greig [84] (Pd+Ag curves 
11-14). The early measurements by Schulze [93] (pd+Ag 
curves 1-5 and Ag+Pd curves 1-5) of the room-temperature 
thermal conductivity of these alloys at intervals of 10% gave 
values that are considerable above the actual values in some 
cases. Even after correcting for the lattice component, the 
Lorenz ratios corresponding to Schulze's values for the 60, 
70, and 80% Pd alloys are respectively 30,44 and 35% 
greater than the classical value; it is unlikely that band struc
ture effects could cause such large Lorenz ratios in these al
loys at 298 K. On the other hand, the more recent measure
ments by Zolotukhin [112] at somewhat higher temperatures 
on specimens containing 25 and 50% Ag (Pd+Ag curves 9 
and 10 and Ag+Pd curve 15) appear to be too low, in the sec
ond instance by approximately 25%. 

This alloy system is one of the few in which the thermal 
conductivity has been measured over a very wide range of 
compositions from liquid helium temperatures to 100 K. The 
measurements by Kemp et a1. were undertaken to obtain fun
damental information about the electron-phonon interaction, 
in particular to sec whether electrons interact with lattice 

waves of all polarizations, to determine the dependence of the 
interaction on electron concentration and to deduce, by 
interpolation between these and similar measurements on 
silver-cadmir.m alloys, the contribution of the electron
phonon interaction to the lattice thermal resistivity of silver . 
The study revealed . the cusp-like behavior of the low 
temperature lattice conductivity as a function of composition, 

as discusssed in section 2 on Theoretical Background, and 
led to additional measurments by Tainsh and White follow
ing further annealing at higher temperatures to determine 
whether or not this behavior was caused by the locking in of 
dislocations by solute atoms. While the cusp-like behavior 
persisted, it was found that an increase in the annealing 
temperature fro~ 883 K to 1213 K resultcd in incrcascs of 

30% or more in the lattice thermal conductivities of these 
specimells at liquid helium temperatures. 

A comparison of the initial values calculated from eqs (12) 
and '(35) in the region above the lattice component maximum 
with the experimental values of Kemp et a1. revealed that the 
calculated values for the silver-rich alloys were too low, the 
total conductivity by al5 much al5 8% and the lattice compo-

nent by as much as 25 %. It was found that both the total and 
lattice thermal conductivities could be brought into good 
agreement with the experimental data for all compositions 
from 2 to' 30% Pd by increasing the value of the lattice ther
mal conductivity of pure silver by 50%. Although such an in
crease does not require unreasonable values for the Debye 
temperature or the Griineisen parameter in the equation 
used to estimate the lattice thermal conductivity of the ele
ments, it raises considerable doubt as to the reliability of 
such estimates. While the separation of the electronic and lat
tice components of very dilute alloys at temperatures above 
that of the maximum of the lattice component involves some 
uncertainty, a 50% error in the lattice component is unlikely. 
Although excellent agreement was obtained for the lattice 
conductivities 'of both 2 and 5% Pd alloys, it was decided,in 
view of the conflicting evidence, not to report even provi
sional values for the lattice thermal conductivity of the dilute 
silver-rich alloys. In addition" while the 'measurments of 
Tainsh and White established that, in the region below its 
maximum, the lattice thermal conductivity of well-annealed 
samples is substantially greater than the. values obtained 
from the first set of measurments, these later measurements 
were limited to temperatures below 10 K and to compositions 
of 2, 5, and 10% Pd and could, therefore, only serve as a 
rough guide for correcting the values of the lattice compo-

, nent obtained from measurements on specimens annealed at 
883 K; accordingly, the values for the silver-rich aUoys at 
temperatures below the maximum are provisional. 

The lattice thermal conductivity of the palladium-rich al
loys of this system was investigated by Fletcher and Greig, 
who measured the thermal conductivity of specimens contain
ing 5,10, 15, and 20% Ag from liquid helium temperatures to 
about 100 K. Their study showed that the strong electron
phonon interactions in these alloys greatly reduce the low 
temperature lattice thermal conductivity, causing its maxi
mum to occur at much higher temperatures than in the 
silver-rich alloys. The increase in the temperature of the max
imum of the lattice component il3 even greater than that 

shown in their graph because, at the higher temperatures, the 
method used to separate the electronic and lattice compo
nents yields values of the latter which are below the true 
values by an amount which increases with temperature, sO' 

that the lattice components of these alloys are still increasing 
at 100 K. This is consistent with the temperature of the max
imum of kg (100 K) deduced from the ~easuremcnts by Kemp 

et al. on a specimen containing 30% Ag. Since the measure
ments on the Pd-rich alloys did not extend to temperatures 
abO've those of the lattice thermal cO'nductivity maxima, the 
values of the lattice component in this region were obtained 
by smoothly joining plots of the values deduced from meas
urements to' those calculated from eq (35). In doing this we 
were guided by the shapcs of the lattice thcrmal conductivity 

curves of the analogous Cu-Ni alloy system. 
A graphical comparison of the recommended total thermal 

conductivity values with some of the experimental data is 
given in figures 59 and 60. The smooth solid curves in these 
figures were obtained by interpolating the recommended 
values of table 28 in order to obtain thermal conductivity 
valucl5 for the dCl5ired alloy compositions. For silver-rich 

J. Phys. Chem. Ref. Data, Vol. 7, No.3, 1978 
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alloys shown in figure 59, the recommended values are in 
agreement with the data of Kemp et a1. [110] (Ag+Pd curves 
6, 8, 9, and 11-14) to within 7 to 12%. For palladium-rich 
alloys shown in figure 60, the recommended values agree with 
the data of Kemp et a1. [110] (pd+Ag curve 7) to within 5%, 
and with the data above 10 K of Fletcher and Greig (84) 
(Pd+Ag curves 11-14) to within 5 to 7%. 

The recommended values for k, ke, and kg are tabulated in 
table 28 for 25 alloy compositions covering the full range of 
temperature from 4 to 1200 K for most cases. These values 
are for alloys which have not been severely cold worked or 
quenched. The values for k are also presented in figures 61 

J. PhYI. Ch.m. R.f. Data, Vol. 1, No. S, 1918 

and 62. In order to show more dearly the systematic variation 
of the thermal conductivity with alloy composition and to 
clarify the confusion in figure 62 due to crossover of curves, 
the recommended curves for palladium-rich alloys with 55 to 
65% Pd are also shown in figure 61. The values of residual 
electrical resistivity for the alloys are also given in table 28. 
The uncertainties of the k values are stated in a footnote to 
table 28, while the uncertainties of the k" and kg values are 
indicated by their being designated as recommended or pro
visional values. The ranges of uncertainties of recommended 
and provisional values are less than ±15% and between ±IS 
and ±30%, respectively. 
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TABLE 2S. RECOMMENDED THERMAL CONDUCTIVITY OF SILVER-PALLADIUM ALLOY SYSTEMt 

[Temperature, T, K; Thermal Conductivity, k. W cm-1 K-t; Electronic Thermal Conductivity, ke , W cm-t K-t; Lattice Thermal Conductivity, kg' W cm-1 K-l] 

Ag: 99. ~O% ~ 99. 49 At. %) Ag: 99. OOro ~ 98. 99 At. %~ Ag: 97.00% ( 96. 96 At. %) 
Pd: O. c>0% O. 51 At. %} Pd: 1.00% 1.01 At. % Pd: 3. 00% ( '3. 04 At. era) 

Po = O. 2400 ,n em Po = 0.4900 ,ncm Po = 1.390 ,ncm 

']' k ke k T k k k T k ke k g e g g 

4 0.449>:< 0.407 0.0415:1: 4 O. 230"~* 0.199 0.0310:1= 4 0.0963:1: 0.0703 0.0260:1= 
6 0.698':< 0.611 0.0865:1= 6 0.365",,:1= 0.299 0.0655:1= 6 0.159:1= 0.105 0.0535:1= 
8 0.949':': 0.814 0.135:1: 8 O. 505"~* 0.399 0.106:1= 8 0.228:1= 0.141 0.OS70:1= 

10 1.20>:< 1.02 0.180* 10 0.644*:1= 0.499 0.145:1= 10 0.300:1= 0.176 0.124:1= 
15 1.78* 1.53 0.246:1= 15 0.963** 0.748 0.215:1= 15 0.453:1= 0.264 0.189:1= 

20 2. 33o-!' 2,04 0,-285* 20 1.25':<* 0.997 0.254* 20 0,571* 0.352 0.219* 
25 2.05* 2.35 0.298* 25 1.47** 1.20 0.272* 25 0.665* 0.433 0.232:1= 
:30 2.84* 2.54 0.30O:f: 30 1.67,)::1: 1.39 0.276:1= 30 0.748* 0.513 0.23M 
40 3.03':' 2.73 0.295:1= 40 1. 96*:1= 1.69 0.272:1= 40 0.892:1= 0.661 0.231=1= 
fiO 3.04* 50 2.11* 50 1.01 

60 2.98* 60 2.18* 60 1.09 
70 3,OO'!< 70 2.26* 70 1.18 
80 3.07* 80 2.35* 80 1.25 
~O 3.10* 90 2.44* 90 1.33 

1(]0 3.19* 100 2. 52~'< 100 1.41 

uO 3.40';' 150 2.87* 150 1. 76 
2(]0 3. 59>!< 200 3.12* 200 2.02':' 
2liO 3.74':' 250 3.27* 250 2.24';' 
2'13 3.78':< 273 3.33* 273 2. 33'!< 
3eO 3.82':' 300 3.41':< 300 2.43>',< 

350 3.S8';' 350 3.50>:< 350 2. 57>!' 
4W 3.90* 400 3.57* 400 2.69';' 
5(0 3.91* 500 3.63>:< 500 2.89>:< 
6UO 3.90* 600 3.69* 600 3.03'l< 
7(0 3.84>:' 700 3.67* 700 3.12':< 

8(0 3.81* 800 3. 67~" 800 3.18':< 
9W 3.74>:< 900 3.62* 900 3. 21"~ 

10UO 3.67* 1000 3.57':: 1000 3.22* 
1HO 3.60* 1100 3.51* 1100 3.22* 
1200 3.55* 1200 3.46>',< 1200 3.22* 
---.-~-.--- ----- -- -~.---- ---- ----- .... _---

t t"ncertainties in the total thermal conductivity, k, are as follows: 
99.50 Ag - 0.50 Pd: ± 10% below 40 K, ± 7% between to and 300 K. and ± 10% above 300 K. 
99.00 Ag - 1. 00 Pd; ± 15% below 40 K and ± 10% above 40 K. 
97.00 Ag - 3.00 Pd: ± 15% below 40 K and ± 10% above 40 K. 
95.00 Ag - 5.00 Pd: ± 15% below 40 K ano ± 10% above 40 K. 

:1= :PrOvisional value. 

>:< L'1 temperahlre range where no experimental t1J.ermal conductivity data are available. 

Ag: 95.00% (94.93 At. %) 
Pd: 5. 00% ( 5. 07 At. 0/0) 

Po = 2.260 Jll cm 

T k k k e g 

4 0.0634:1= 0.0432 0.0202:1= 
6 0.109:1= 0.0649 0.0445:1= 
8 0.160:1= 0.0865 0.073s:t: 

10 0.212:1: 0.10S 0.104:1= 
15 0.319* 0.162 0.157:1= 

20 0.405:1= 0.216 0.189:1= 
25 0.467:1= 0.262 0.205:1= 
30 0.521:1= 0.311 0.210:1= 
40 0.612:1= 0.404 0.208:f: 
50 0.685 

60 0.750 
70 0.S14 
80 0.877 
90 0.938 

100 0.998 

150 1. 27 
200 1. 51'l< 
250 1. 71* 
273 1.80* 
300 1.S8':< 

350 2.04* 
400 2.18* 
500 2.41':< 
600 2.58';' 
700 2.72';' 

800 2.83* 
900 2.89>:< 

1000 2.93* 
1100 2.96':< 
1200 2.98* 
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TABLE 28. RECOMMENDED THERMAL CONDUCTIVITY OF SILVER-PALLADIUM ALLOY SYSTEM (continued) t 
(Temperatrre, T, K: Thermal Condu~tivity, k, W cm- t K-I; Electronic Thermal Conductivity, k , W cm-1 K-l; Lattice Thermal Conductivity, k , W cm-1 K-1] 

e g 
- - ----

Ag: 90.00% (89.8~ At.%) Ag: 85.00% (84.82 At. %) 
Pd: 10.00% ( 10. 12 At. %) Pd: 15.00% (15.18 At. %) 

Po = 4.46 ,nCM. Po = 6.46 ,ncm 

or k k k T k k e g e 

4 0.036~* 0.0219 0.0145:1: 4 O. 0299*~ O. 0151 
6 0.0662:1= 0.0329 0.0333:1= 6 O. 0553>:'~ 0.0227 
8 0.100~ 0.0438 0.0562:1: 8 O. 0853':<~ 0.0303 

LO 0.135~ 0.0578 0.0775:1: 10 0.119"~* 0.0378 
L5 0.20H 0.0822 0.119:1: 15 0.182';'::1= 0.0567 

20 O. 253~ 0.110 0.143* 20 0.224""* 0.0756 
25 O. 292~ 0.135 0.157* 25 0.251*:1= 0.0931 
30 0.324:': 0.161 0.163:1= 30 0.272** 0.111 
10 0.374:1: 0.213 0.161:1= 40 0.301** 0.147 
50 0.417 0.261 0.156 50 0.326>''' 0.181 

60 0.454 0.307 0.147 60 0.351* 0.215 
70 0.491 0.352 0.139 70 0.375* 0.248 
BO 0.527 0.396 0.131 80 0.400* 0.281 
90 0.565 0.441 0.124 90 0.427* 0.314 

100 0.602 0.485 0.117 100 0.452* 0.346 

150 0.780 0.687 0.0930 150 0.581"" 0.497 
200 0.943" 0.866 0.0775 200 0.706* 0.636 
250 1.10>:' 1.03 0.0665 250 0.827* 0.766 
273 1.16'~ 1.10 0.0627 273 0.881* 0.823 
300 1.24 1.18 0.0586 300 0.942>:' 0.888 

350 1.38"" 1.32 0.0526 35{J 1.05* 1.00 
400 1. 50':' 1.45 0.0479 400 1.16':< 1.11 
500 1.72':<- 1.68 0.0406 500 1.35* 1.31 
600 1.91':< 1.88 0.0354 60C 1 .• 52* 1.49 
700 2.07':< 2.04 0.0313 700 1.68* 1.65 

800 2.21* 2.18 0.0282 80C 1.82>:' 1.80 
900 2.32* 2.30 0.0256 90C 1.93* 1.91 

1000 2.4l>'~ 2.39 0.0235 100e 2.02':< 2.00 
1100 2.47>:' 2.45 0.0217 110e 2.10* 2.08 
1200 2.53* 2.51· 0.0201 120(; 2.16':< 2.14 

------

t Uncertainties in the total thermal conductivity, k, are as follows: 
90.00 Ag - 10. 00 Pd: ± 15% below 40 K and ± 100/0 above 40 K. 
85.00.Ag - 15.00 Pd: ±20% below 40 K and ±10% above 40 K. 
80.00 Ag - 20.00 Pd: ±20% below 40 K and ±10% above 40 K. 
75.00.Ag - 25.00 Pd: ±20% below 40 K and ±l00/o above 40 K. 

* ProvisionaJ value. 

k g 

0.0148:1= 
0.0326:1= 
0.0550:1= 
0.0810:1= 
0.125* 

0.148:1= 
0.158* 
0.16H 
0.154:1= 
0.145 

0.136 
0.127 
0.119 
0.113 
0.106 

0.0840 
0.0700 
0.0610 
0.0575 
0.0539 

0.0487 
0.0444 
0.0380 
0.0333 
0.0297 

0.0268 
0.0245 
0.0226 
0.0209 
0.0195 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1100 
1200 

* [n temperalure range where no experimental thermal conductivity data are available. 

Ag: 80. 00% (79. 78 At. %) Ag: 75.00% (74.74 At. %) 
Pd: 20.00% (20.22 At. %) Pd: 25.00% (25.26 At. %) 

Po = 8.41 ,ncm Po = 10.60 ,n cm 

k k k T Ie k Ie 
e g e g 

0.0270:1= 0.0116 0.0154:1= 4 0.0253*:1= 0.00922 0.0161:1= 
0.0518:1= 0.0174 0.0344:1= 6 0.0483** 0.0138 0.0345:1= 
0.0812:1= 0.0232 0.0580:1= 8 0.0764>:'* 0.0184 0.0580:1= 
0.112:1= 0.0290 0.0825:1= 10 0.107'~:I= 0.0230 0.0840:1: 
0.165* 0.0436 0.121:1= 15 0.159':':1= 0.0346 0.124* 

0.200* 0.0581 0.142* 20 0.192':'* 0.0461 0.146* 
0.224* 0.0717 0.152* 25 0.213';':* 0.0569 0.156* 
0.241:1= 0.0856 0.155* 30 0.223,:<:1= 0.0680 0.155* 
0.263:1= 0.113 0.15M 40 0.238,:<:1= 0.0901 0.14s:!: 
0.281 0.140 0.141 50 0.248':< 0.112 0.136 

0.298 0.167 0.13l 60 0.259';': 0.133 0.126 
0.316 0.193 0.123 70 O. 271'~ 0.154 0.117 
0.333 0.219 0.114 80 0.285':' 0.175 0.110 
0.352 0.245 0.107 90 0.299* 0.195 0.104 
0.371 0.270 0.101 100 0.314':' 0.216 0.0975 

0.472 0.392 0.0800 150 0.393* 0.316 0.0770 
0.573>:' 0.506 0.0670 200 0.475';': 0.410 0.0645 
0.671* 0.613 0.0580 250 0.556>:' 0.500 0.0560 
0.716':< 0.661 0.0545 273 0.593':< 0.540 0.0530 
0.766 0.715 0.0511 300 0.635"" 0.586 .0.0494 

0.858* 0.812 0.0463 350 0.711* 0.667 0.0448 
0.946* 0.904 0.0424 400 0.782* 0.741 0.0411 
1.11* 1.07 0.0364 500 0.922>:' 0.886 0.0354 
1. 26'~ 1.23 0.0320 600 1. 05':' 1.02 0.0313 
1.39'~ 1.36 0.0287 700 1.17* 1.14 0.0281 

1. 52'~ 1. 50 0.0260 800 1.29* 1.26 0.0255 
1.62* 1.60 0.0238 900 1.38>:< 1.36 0.0234 
1.71* 1.69 0.0220 1000 1. 45>:' 1.43 0.0216 
1.78'~ 1.76 0.0204 1100 1.53* 1.51 0.0201 
1.84* 1.82 0.191 1200 1. 60'~ 1.58 0.0188 
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TABLE 28. RECOMMENDED THERMAL CONDUCTIVITY OF SILVER-PALUDIDM ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l; Electronic Thermal Conductivity, ke' W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-l] 

Ag: 70.00% (69. 71 At. %) Ag: 65.00% ( 64. 69 At. %) 
Pd: 30.00% (30.29 At.%) Pd: 35. 00'l'0 (35. 31 At. %) 

Po = 13.01 Jll cm Po = 1.5.62 pOem 

'I k k k T k k k 
e g e g 

4 0.0241:1= 0.00751 0.0166:1: 4 0.0231*:1: 0.00626 0.016s:!: 
6 0.0472:1: 0.0113 0.0359:1: 6 0.0439*1: 0.00938 0.0345:1: 
8 0.0755:1= 0.0150 0.0605:1: 8 0.0690':':1= 0.0125 0.0565:1= 

:0 0.102:1= 0.0188 0.0835:1: 10 O. 0945*:1= 0.0156 0.0789:1: 
:5 0.154:1= 0.0282 0.126:1= 15 0.144>:':f: 0.0235 0.12l:!: 

20 0.186:1= 0.0376 0.148:1: 20 0.175** 0.0313 0.144* 
25 0.20H 0.0464 0.155:1: 25 0.191>:'* 0.0387 0.152:1: 
30 0.212:1: 0.0555 0.156* 30 0.201,:4 0.0463 0.155:1= 
40 0.22t:J: 0.0736 0.147:1= 40 0.210,:<:1= 0.0614 0.149:1= 
50 0.227 0.0913 0.136 50 0.214>:< 0.0763 0.138 

60 0.235 0.109 0.126 60 0.216':< 0.0909 0.125 
"0 0.243 0.126 0.117 70 0.220':' 0.106 0.114 
80 0.252 0.143 0.109 80 0.227':< 0.120 0.107 
90 0.263 0.161 0.102 90 0.235* 0.134 0.101 

100 0.275 0.178 0.0965 100 0.245':' 0.149 0.0960 

150 0.338 0.261 0.0765 150 O. 294'.~ 0.219 0.0750 
200 0.404* 0.340 0.0640 200 0.349':' 0.286 0.0625 
250 0.471* 0.415 0.0555 250 0.403>!c 0.349 0.0540 
2'(3 0.501* 0.449 0.0520 273 0.428':' 0.377 0.0510 
300 0.534 0.486 0.0484 300 0.457':' 0.409 0.0479 

350 O. 598~; 0.555 G.0439 350 0.511'): 0.468 0.0436 
400 0.661':' 0.621 0.0403 400 0.563* 0.523 0.0400 
500 O. 780'~ 0.745 0.0349 500 O. 664~' 0.629 0.0346 
600 0.891>~ 0.860 0.0308 600 0.758>:' 0.727 0.0307 
700 0.998* 0.970 0.0277 700 O. 846;~ 0.818 0.0276 

SOO 1.10'): 1.07 0.0252 SOO 0.926':< 0.901 0.0252 
900 LIS>''' 1.16 0.0232 900 0.997':' 0.974 0.0231 

1000 1.26':< 1.24 0.0215 1000 1.06* 1.04 0.0215 
1100 1.32':' 1.30 0.0200 1100 1.12* 1.10 0.0200 
1200 1. 39>!' 1.37 0.0187 1200 1.18* 1.16 0.0188 

------------------- ---- -- --- ----------- ----~ -----

t Uncertainties in the totalthermal conductivity, k, are as follows: 
70.00 A?; - 30.00 Pd: ±200/0 below 40 K and ±100/0 above 40 K. 
65.00 Ag - 35.00 Pd: ±20% below 40 K and ±10% above 40 K. 
60.00 A?; - 40.00 Pd: ± 20% below 40 K ar.d ± 10% above 40 K. 
55.00 Ag - 45.00 Pd: ±20% below 40 K ar.d ± 10% above 40 K. 

:I: ProviSional value. 

--- ---- ---

Ag: 60.00% [ 59. 67 At. %) 
Pd: 40. 00% [40. 33 At. %) 

Po = 18.44 pOem 

T k k k 
e g 

4 0.0222* 0.00530 0.0169:1: 
6 0.0410:l= 0.00795 0.0330:1: 
8 [).0646:J: 0.0106 0.0540:1: 

10 [).088t:J: 0.0132 0.0749:1= 
15 0.134:J: 0.0199 0.114:1= 

20 [).163:J: 0.0265 0.136:1= 
25 0.179:1= 0.0328 0.146:1: 
30 [).189:1: 0.0393 0.150:1= 
40 [).197* 0. 0521 0.14M 
50 [).200 0.0648 0.135 

60 [).201 0.0772 0.124 
70 [J.201 0.0896 0.115 
80 [J.205 0.102 0.107 
90 [).211 0.111 0.100 

100 [).219 0.125 0.0940 

150 [).260 0.186 0.0740 
200 [).304* 0.242 0.0620 
250 [J.350* 0.296 0.0540 
273 [J.371>!' 0.320 0.0510 
300 [).396 0.348 0.0479 

350 [). 441~~ 0.397 0.0435 
400 [).484* 0.444 0.0400 
500 [).567* 0.532 0.0347 
600 [).643* 0.613 0.0307 
700 [).715* 0.687 0.0278 

800 [).780* 0.754 0.0252 
900 [).837* 0.813 0.0232 

1000 [).S89* 0.S67 0.0216 
1100 [J.938"" 0.917 0.0201 
1200 [).984* 0.965 0.0189 

-- --_ ... _---_ .. _--- ----- ---

>'" In temperature range where no experimental thermal conductivity data are available. 

--

Ag: 55.00% (54.66 At. 0/0) 
Pd: 45.00% (45. 34 At. %) 

Po = 21. 56 ,&l em 

T k k k 
e g 

4 0.0212>:<:1: O. C0453 0.0167:1: 
6 0.0382;(4 O. C0680 0.0314:1= 
8 0.0576*:1= O. C0907 0.0485:1: 

10 0.0778>:'* O. (JU3 0.0665:1: 
15 0.118** O. C170 0.10H 

20 0.144"4 0.C227 0.121* 
25 0.162** 0.C280 0.134:1= 
30 0.173*:1= 0.C335 0.139:1= 
40 0.183** O. C445 0.138:1= 
50 0.183* 0.(J553 0.128:1: 

60 0.185':' O.C659 0.119 
70 0.187>): O. C764 0.111 
80 0.191* 0.(]870 0.104 
90 0.195* 0.(]974 0.0975 

100 0.200':< 0.108 0.0920 

150 0.232* 0.158 0.0740 
200 0.268* 0.206 0.0620 
250 0.305* 0.251 0.0540 
273 0.323':' 0.272 0.0510 
300 0.343>.'< 0.295 0.0482 

350 0.380* 0.:336 0.0439 
400 0.416* 0.:376 0.0403 
500 0.482* 0.447 0.0349 
600 0.543'): 0.~12 0.0310 
700 0.599* 0.571 0.0279 

800 0.651':< 0.€26 0.0255 
900 0.701* 6.€77 0.0235 

1000 0.750* 0.728 0.0218 
1100 0.798* 0.778 0.0204 
1200 0.846* 0.827 0.0191 
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TABLE 28. RECOMMENDED THIi:RMAL CONDUCTIVITY OF SILVER-PALLADIUM ALLOY SYSTEM (continued) t 

(Temperature, T, K; Thermal Conductivity, k. W cm-1 K-t ; Electronic Thermal Conductivity, k
e

, W cm-1 K-l; Lattice Thermal Conductivity, kg' W cm-1 K-1] 

--- ---~~~-

Ag: 50.00% ( 49.66 At. %~ ,~g: 45.00% (44.66 At. %) 
Pd: 50. 00% (50.34 At. % Pd: 55.00% (55.34 At. %) 

Po = Z7.44 IJOcm Po = 36.50 JDcm 

T k k k T k k 
e g e 

4 0.0197* 0.00356 0.0161:1: 4 0.0174** 0.00268 
6 0.0347* 0.00534 0.0294* 6 0.0292** 0.00402 
8 0.0502:1= 0.00712 0.0431=1= 8 0.0411** 0.00536 

10 0.0654:1= 0.00890 0.0565:1= 10 0.0527** 0.00669 
15 0.0974* 0.0134 0.0840:1= 15 0.0755** 0.0100 

20 0.118:1= 0.0178 0.100:1= 20 0.0914** 0.0134 
25 0.131:1: 0.0220 0.10M 25 0.103** 0.0166 
30 0.141:1= 0.0264 0.115* 30 0.111** 0.0199 
40 0.152* 0.0349 0.117:1= 40 0.123** 0.0264 
50 0.157 0.0434 0.114 50 0.131*:1= 0.0327 

60 0.162 0.0518 0.110 60 0.137** 0.0390 
70 0.165 0.0598 0.105 70 0.141* 0.0452 
80 0.168 0.0680 0.0995 80 0.144* 0.0514 
90 0.171 0.0760 0.0945 90 0.148* 0.0576 

100 0.175 0.0841 0.0905 100 0.151* 0.0637 

150 0.198* 0.123 0.0745 150 0.167* 0.0935 
200 0.222* 0.159 0.0630 200 0.186* 0.122 
250 0.250* 0.194 0.0555 250 0.206* 0.150 
273 0.263* 0.210 0.0525 273 0.216* 0.162 
300 0.278 0.228 0.0489 300 0.226* 0.176 

350 0.304* 0.259 0.0445 350 0.249* 0.204 
400 0.330 0.289 0.0409 400 0.272* 0.231 
500 0.381 0.346 0.0354 500 0.318* 0.281 
600 0.430* 0.398 0.0314 600 0.362* 0.330 
700 0.477* 0.449 0.0284 700 0.407* 0.378 

BOO 0.524* 0.498 0.0259 800 0.453* 0.426 
900 0.573* 0.549 0.0239 900 0.499* 0.474 

1000 0.622* 0.600 0.0221 1000 0.545* 0.522 
1100 0.672* 0.651 0.0207 1100 0.591* 0.570 
1200 0.723* 0.704 0.0194 1200 0.637* 0.617 

--

t Uncertainties in the total thermal conductivity, k, are.as follows: 
50.00 Ag - 50.00 Pd: ± 15% below 40 K, and ± 10% abmre 40 K. 
45.00 Ag - 55~ 00 Pd: ± 15% below 60 K f and ± 10% abo'fe 40 K. 
40. 00 Ag - 60.00 Pd: ± 15% below 80 K, and ± 10% aboye 80 K. 
35.00 Ag - 65.00 Pd: . ± 150/0 below 100 K, and ± 10% above 100 K. 

:f: Provisional value. 

k 
g 

0.0147* 
0.0252* 
0.0356:1= 
0.0460:1= 
0.0655:1= 

0.0780* 
0.0860* 
0.0910:1= 
0.0965:1: 
0.0985:1: 

0.0980:f: 
0.0960 
0.0930 
0.0900 
0.0870 

0.0735 
0.0635 
0.0560 
0.0535 
0.0499 

0.0454 
0.0418 
0.0362 
0.0321 
0.0290 

0.0264 
0.0244 
0.0226 
0.0211 
0.0198 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1100 
1200 

* In temperature range where no experimental thermal conductivity data are available. 

Ag: 40.00% (a9. 67 At.%) Ag: 35.000/0 (34.69 At. 0/0) 
Pd: 60.00% «()O. 33 At. 0/0) Pd: 65. 00% (65. 31 At. %) 

Po =: 40.15 ,ncm Po = 39. 40 ,.n cm 

k k k T k k k 
e g e g 

0.0150** 0.00243 0.0126* 4 0.Ol32*:I= 0.00248 0.0107* 
0,0243** 0.00365 0.0206* 6 0.0200"4 0.00372 0.0163:1= 
0.0335*:1= 0.00487 0.0286:1= 8 O. 0~68** 0.00496 0.0218* 
0.0423** 0.00609 0.0362:1= 10 0.0332*:1= 0.00620 0.0270* 
0.0611 ** 0.00913 0.0520:1= 15 O. 0476*:1= 0.00930 0.0383* 

0.0757** 0.0122 0.0635:1= 20 0.0599** 0.0124 0.0475* 
0.0866*:1: 0.0151 0.Q715* 25 0.0703** 0.0153 0.0550* 
0.0946** 0.0181 0.0765* 30 0.0793** 0.0183 0.0610* 
0.106':<* 0.0240 0.0820:1= 40 0.0933** 0.0243 0.0690:1= 
0.115*:f: 0.0298 0.0850:1= 50 0.1~4*:f: 0.03>2 0.0740:f: 

0.122** 0.0356 0.0865:1: 60 0.1L3** 0.0359 0.0770:f: 
0.128** 0.0414 0.0870:f: 70 0.121** 0.0417 0.0790:f: 
0.133** 0.[)469 0.0860:1: 80 0.127** 0.0474 0.0795:1= 
0.138* 0.[)526 0.0850 90 0.133*:f: 0.0531 0.0800:1: 
0.142* 0.[)582 0.0835 100 0.138** 0.0585 0.0800:f: 

0.159* 0.0859 0.0730 150 0.158* 0.0854 0.0730 
0.175* 0.111 0.0640 200 0.177* 0.111 0.0655 
0.193* 0.136 0.0570 250 0.195* 0.136 0.0590 
0.202* 0.148 0.0543 273 0.204* 0.147 0.0565 
0.212 0.161 0.0513 300 0.214* 0.161 0.0532 

0.233* 0.186 0.0467 350 O. 2.~3* 0.185 0.0484 
0.255* 0.212 0.0429 400 0.253"" 0.208 0.0445 
0.297"" 0.260 0.372 500 0.2~3"" 0.254 0.0385 
0.339':< 0.306 0.0330 600 0.334* 0.299 0.0342 
0,381':< 0.352 0.0298 700 0.315* 0.344 0.0308 

0.424* 0.397 0.0272 800 0.417* 0.389 0.0281 
0.468>!< 0.443 0.0250 900 0.451"" 0.435 0.0259 
0.511* 0.488 0.0232 1000 O. 5~5* 0.481 0.0240 
0.556':' 0.535 0.0217 1100 0.551* 0.529 0.0224 
0.602'): 0.582 0.0204 1200 0.598* 0.577 0.0211 

-- ---- - ----- --

0-
to.) 

x o 
m .... 
» 
: 



'
"'0 
':Z" 

~ 
n 
:::J" 
lI) 

~ 
;10 

~ 
C 
a 
jl 
< 
~ 
:-a 
z 
!:I 
~ 

-0 ...., 
0) 

TABLE 28. RECO:M:M:ENDED THERMAL CONDUCTIVITY OF SILVER-PALLADIDM ALLOY SYSTEM (continued) t 

[Temperature. T. K; Thermal Conductivity, k, W cm-1 K-1; Electronic Thermal Conductivity, ke' W cm-t K-1; Lattice Thermal Conductivity. kg' W cm-1 K-1] 

--- ----_._------

Ag: 30. 00% (29. 71 At. %) Ag: 25.00% (24. 74 At. %) Ag: 20. 00% (19. 78 At. %~ 
Pd: 70.00% (70.29 At. %) Pd: 75.00% (75.26 At.%) Pd: 80.00% (80.22 At.% 

Po = 35.11 ,ncm Po "" 29. 95 ,..a cm Po"" 24.13 ,nem 

T k k k T 1{ k k T k 
e g e g 

4 0.0108 0.00278 0.00800 4 0.00906* 0.00326 0.00580 4 0.00805 
6 0.0163 0.00418 0.0121 6 0.0140* 0.00489 0.00910 6 0.0127 
8 0.0218 0.00557 0.0162 8 O. 0190'~ 0.00653 0.0125 8 0.0175 

10 0.0273 0.00696 0.0203 10 0.0241* 0.00816 0.0159 10 0.0225 
15 0.0399 0.0104 0.0295 15 O. 0362'~ 0.0122 0.0240 15 0.0350 

20 0.0516 0.0139 0.0377 20 0.04801; 0.0163 0.0317 20 C.0472 
25 0.0618 0.0170 0.0448 25 0.0583* 0.0198 0.0385 25 C.0583 
30 0.0712 0.0203 0.0509 30 0.0681* 0.0236 0.0445 30 C,0690 
40 0.0868 0.0268 0.0600 40 0.0855* 0.0310 0.0545 40 C.0889 
50 0.0995 0.0332 0.0663 50 0.09951f 0.0383 0.0612 50 0.105 

60 0.110 0.0394 0.0708 60 O. 111~; 0.0452 0.0660 60 ('.119 
70 0.119 0.0455 0.0735 70 0.121~' 0.0521 0.0685 70 (J.131 
80 0.127 0.0516 0.0750 80 0.131* 0.0589 0.0718 80 0.142 
90 0.134 0.0577 0.0760 90 O. 138~' 0.0657 0.0720 90 0.152 

100 0.140 0.0637 0.0760 100 0.145~' 0.0723 0.0725 100 0.159 

150 0.165 0.0918 0.0735 150 0.176'~ 0.103 0.0725 150 0.197':' 
200 0.187':' 0.119 0.0675 200 0.201* 0.133 0.0685 200 0.226':' 
250 O. 207'~ 0.145 0.0615 250 O~ 224'~ 0.160 0.0635 250 0.250':' 
273 0.215':' 0.156 0.0590 273 O. 234'~ 0.172 0.0615 273 0.261':' 
300 0.225 0.170 0.0556 300 0.246* 0.187 0.0589 300 0.274 

350 0.245'~ 0.195 0.0506 350 O. 266~' 0.213 0.0535 350 0.296'~ 
400 0.265'~ 0.219 0.0465 400 O.287'~ 0.238 0.0491 400 0.319>' .. 
500 0.305"'< 0.265 0.0402 500 0.329 0.287 0.0425 500 0.364':' 
600 O. 346'~ 0.310 0.0357 600 0.373':' 0.335 0.0376 600 0.410':' 
700 O. 387'~ 0.355 0.0321 700 O. 417'~ 0.384 0.0338 700 0.455'): 

800 O.430~' 0.401 0.0293 800 0.461* 0.430 0.0308 800 1).499':' 
900 O. 474'~ 0.447 0.0270 900 0.504* 0.476 0.0283 900 1).543':' 

1000 O. 518'~ 0.493 0.0250 1000 O. 547'~ 0.521 0.0262 1000 1).586':' 
1100 O. 565'~ 0.541 0.0233 1100 0.593"; 0.569 0.0245 1100 1).630':' 
1200 O. 613~' 0.591 0.0219 1200 0.640'): 0.617 0.0229 1200 I). 675'~ 

- --- --- ------- .--~ ----

t Uncertainties in the total thermal c:mductivity, k, are as follows: 
30.00 Ag - 70.00 PC: ±100/0 below 100 K, ±70/0 between 100 and 300 K, and ±100/0 above 300 K. 
25.00 Ag - 75.00 Pd: ± 10% below 150 K, ± 70/0 between 150 and 300 K, and ± 10% above 300 K. 
20.00 Ag - 80.00 Pd: ±10% below 150 K, ±70/0 between 150 and 300 K, and ±100/0 above 300 K. 
15.00 Ag - 85.00 Pd: ±10% below 150 K. ±7% between 150 and 300 K, and ±10% above 300 K. 

,): In temperature range w1::ere no experimental thermal conductivity data are available. 

k 
e 

0.00405 
0.00608 
0.00810 
0.0101 
0.0152 

0.0202 
0.0243 
0.0289 
0.0379 
0.0465 

0.0548 
0.0629 
0.070S 
0,0787 
0.0864 

0.121 
0.153 
0.182 
0.195 
0.211 

0.239 
0.266 
0.319 
0.370 
0.419 

0.466 
0.513 
0.558 
0.604 
0.651 

k 
g 

0,00400 
0.00665 
0,00940 
0.0124 
0.0198 

0,')270 
0.')340 
0.0401 
0.0510 
0.0585 

0.0645 
0.0680 
0.0710 
0.0730 
0.0740 

0.0760 
0.0725 
0.0680 
0.0655 
0.0632 

0.0573 
0.0526 
0.0454 
0.0401 
0.0360 

0.0327 
0.0300 
0.0278 
0.0259 
0.0242 

Ag: 15.00% (14.83 At. %) 
Pd: 85.00% (85.17 At. %) 

Po =: 18.15 ,ncm 

T k k k 
e g 

4 0.00807 0.00538 0.00269 
6 0.0127 0.00808 0.00465 
8 0.0177 0.0108 0.00685 

10 0.0228 0.0135 0.00925 
15 0.0359 0.0202 0.0157 

20 0.0490 0.0244 0.0226 
25 0.0620 0.0325 0.0295 
30 0.0748 0.0383 0.0365 
40 0.0979 0.0499 0.0480 
50 0.117 0.0608 0.0565 

60 0.134 0.0711 0.0625 
70 0.147 0.0809 0.0665 
SO 0.160 0.0906 0.0695 
90 0.172 0.100 0.0720 

100 0.183 0.109 0.0740 

150 0.227>:' 0.149 0.0780 
200 O. 261'~ 0.lS4 0.0770 
250 0.289* 0.215 0.0740 
273 0.301':' 0.229 0.0720 
300 0.314':' 0.245 0.0693 

350 O. 338'~ 0.275 0.0628 
400 O. 362'~ 0.305 0.0575 
500 0.409"" 0.360 0.0494 
600 0.454'" 0.411 0.0435 
700 0.499'): 0.460 0.0390 

800 0.541",< 0.506 0.0353, 
900 O. 585~' 0.552 0.0324 

1000 0.627':' 0.597 0.0299 
1100 0.669'): 0.641 0.0277 
1200 O. 712'~ 0.686 0.0259 
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TABLE 28. RECOMMENDED THERMAL CONDUCTIVITY OF SILVER-PALLADfUM ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W cm-I K-I; Electronic Thermal Conductivity, k
e

• Vol cm-I K-l: Lattice Thermal Conductivity, kg' W cm-1 K-I] 

--

Ag: 10.00% ( 9. 81: At. %) Ag: 5. 00% ~ 4. 94 At. %) 
Pd: 90.00% (90.12 At. %) Pd: 95.00% 95.06 At. %) 

Po ::: 12.16 IIJ em Po::: 6.0811Jcm 

T k k It T Ie Ie k 
e g e g 

4 0.00955 0.00804 0.00151 4 0.0170 0.0161 0.000900 
6 0.0151 0.0121 0.00301 6 0.0261 0.0241 0.00199 
8 0.0209 0.0161 0.00480 8 0.0355 0.0321 0.00342 

10 0.0270 0.0201 0.00685 10 0.0454 0.0402 0.00515 
15 0.0428 0.0301 0.0127 15 0.0708 0.0603 0.0105 

20 0.0588 0.0394 0.0194 20 0.0969 0.0799 0.0170 
25 0.0744 0.0483 0.0261 25 0.120 0.0955 0.0240 
30 0.0898 0.0566 0.0332 30 0.143 0.112 0.0311 
40 0.119 0.0728 0.0460 40 0.184 0.139 0.0452 
50 0.144 0.0875 0.0560 50 0.217 0.159 0.0579 

60 0.165 0.101 0.0640 60 0.245 0.177 0.0682 
70 0.184 0.114 0.0700 70 0.269 0.192 0.0770 
80 0.200 0.126 0.0740 80 0.292 0.208 0.0842 
90 0.216 0.138 0.0780 90 0.312 0.222 0.0898 

100 0.230 0.149 0.0810 100 0.330 0.236 0.0940 

150 0.283~' 0.195 0.0875 150 0.393* 0.287 0.106 
200 O. 321~' 0.233 0.0875 200 O. 433~< 0.325 0.108 
250 O. 349'~ 0.265 0.0840 250 0.459* 0.356 0.103 
273 0.362':< 0.280 0.0815 273 O. 470~< 0.370 0.0995 
300 0.376 0.297 0.0788 300 O. 483'~ 0.387 0.0958 

350 0.400':< 0.329 0.0711 350 0.504* 0.419 0.0858 
400 0.424':' 0.359 0.0649 400 O. 525~,< 0.447 0.0777 
500 0.469':' 0.414 0.0554 500 0.563* 0.497 0.0654 
600 0.514':< 0.465 0.0485 600 0.602'1< 0.546 0.0566 
700 0.555,l< 0.511 0.0432 700 O. 641~'< 0.591 0.0499 

800 0.595':< 0.556 0.0390 800 O. 676~,< 0.632 0.0446 
900 O. 636'~ 0.600 0.0356 900 O. 713~'< 0.673 0.0404 

1000 0.675'1< 0.642 0.0327 1000 0.746':< 0.709 0.0369 
1100 O.71M 0.684 0.0303 1100 O. 779~'< 0.745 0.0339 
1200 0.755':' 0.727 0.0282 1200 O. 812~~ 0.781 0.0314 

--- --- -- ---------- ~~- ----

t Uncertainties in the total thermal conductivity, k, are as follows: 
10.00 Ag - 90.00 Pd: ±10%. 

5.00 Ag - 95.00 Pd: ± 10%. 
3.00 Ag - 97.00 Pd: ±10%. 
1.00 Ag - 99.00 Pd: ± 10%. 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

800 
900 

1000 
1100 
1200 

~< In temperature range where no experimental thermal conductivity data are available. 

Ag: 3.00% ( 2. 96 At. %) Ag: 1. 00% ( 0.99 At. %) 
Pd: 97.00% (97.04 At.%) Pd: 99.00% (99. 01 At. %) 

Po ::: 3. 670 IIJ em Po ::: 1.270 tAl cm 

k k k T Ie Ie k 
e g e g 

0.0266 4 0.0769 
0.0399 6 0.115 
0.0533 8 0.154 
0.0666 10 0.192 
0.0999 15 0.289 

0.133 20 0.385 
0.153 25 0.416 
0.177 30 0.459 
0.214 40 0.499 
0.237 50 0.495 

0.254 60 0.482 
0.269 70 0.471 
0.285 80 0.472 
0.301 90 0.475 
0.313 100 0.479 

(i. 358 150 0.482 
(i. 389 200 0.490 
u.417 250 0.502 
0.422 273 0.510 

0.553'1< u.445 0.108 300 0.651'1< 0.523 0.127 

0.572* 0.477 0.0958 350 0.663'1< 0.552 0.111 
0.589* u.503 0.0862 400 0.675* 0.576 0.0989 
0.624* 0.553 0.0718 500 0.705* 0.624 0.0808 
0.661* 0.599 0 •. 0615 600 O. 740~'< 0.671 0.0682 
0.699* (.645 0.0538 700 0.777* 0.718 0.0591 

0.733':< C.685 0.0479 800 O. 814~' . 0.762 0.0521 
0.769* C.726 0.0431 900 0.852* 0.806 0.0465 
0.799>:' C.76O 0.0392 1000 0.885* 0.843 0.0421 
0.831* 0.795 0.0359 1100 0.920* 0.881 0.0384 
0.862>:< 0.829 0.0332 1200 o. 955'~ 0.920 0.0353 
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TABLE 28. RECOMMENDED THERMAL CONDUCTIVITY OF SILVER-PALIADruM ALLOY SYSTEM (continued) t 

[Temperature, T, K; Thermal Conductivity, k, W cm-' K-'; Electronic Thermal Conductivity. ke • W cm-1 K-1; Lattice Thermal Conductivity. kg' W cm-1 K-'] 

T 

4 
6 
8 

10 
15 

20 
25 
30 
40 
50 

60 
70 
80 
90 

100 

150 
200 
250 
273 
300 

350 
400 
500 
600 
700 

SOO 
900 

1000 
1100 
1200 

Ag: O. SO% ( .49 At. %) 
Pd: 99. SO% (99.51 At. %) 

Po = 0.660 ,ncm 

k k e 

0.148 
0.222 
0.296 
0.370 
0.555 

0.740 
0.703 
0.743 
0.757 
0.705 

0.642 
0.601 
0.577 
0.572 
0.563 

0.534 
0.529 
0.534 
0.540 

0.686':' 0.551 

O. 694'~ 0.577 
0.705':' 0.602 
0.732'; 0.648 
0.767':' 0.697 
0.S02':' 0.742 

O. S38~i 0.785 
0.878~ 0.S31 
0.912': 0.S69 
0.949>: 0.910 
O. 988'~ 0.952 

k 
g 

0.134 

0.117 
0.103 
0.0837 
0.0704 
0.0607 

0.0533 
0.0475 
0.0429 
0.0391 
0.0359 

t Uncertainties in the tom! thermal conductivity, k, are as follows: 
0.50 Ag - 99.50 Pd: ±.10%. 

,~ In temperahre range ""here no experimental thermal conductivity data are availablc. 
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/D TABLE 29. THERMAL CONDUCTIVITY OF SILVER + PALLADIUM ALLOYS -- SPECIME:-.T CHARACTERIZATICN AND MEASUREMENT INFORMATION ~ 
lID 

~ 
0 Cur, Ref. Method Temp. Name and Compositiqn 
Q Author(sl Year Specimen (weight percent) Composition (continued), Specifications, and Remarks 
~ No. No. Used Range,K Designation Ag Pd 
< 
~ 93 Schulze, F.A. 1911 E 298.2 50 50 1 mm wire specimen obtained from· Firma Heracus; electrical conductivity 
::'" 3.03 X 104 0- 1 cm- 1 at 25 C. 
Z 
~ 2 93 Schulze, F. A. 1911 E 298.2 60 40 ] mm wire specimen obtained from Firma Heracus; electrical conductivity 
~ 4.56 ,x 104 0- 1 cm- 1 at 25 C. 
>0 3 93 Schulze, F.A. 1911 E 298.2 70 30 ] mm wire specimen obtained from Firma Heracus; electrical conductivity ...., 
01) 6.43 x 104 0-1 cm- 1 at 25 C. 

4 93 Schulze, F.A. 1911 E 298.2 80 20 ] mm wire specimen obtained from Firma Heracus; electrical conductivity 
9.47 x 104 0- 1 cm-1 at 25 C. 

5 93 Schulze, F. A. 1911 E 298.2 90 10 1 mm wire specimen obtained from Firma Heracus; electrical conductivity 
16.14 x 10' 0- 1 dm- I at 25 G. 

6 110 Kemp, W.R. G., 1956 L 2.2-112 97.95 2.05 Rod specimen supplied by Johnson, Matthey and Co., Ltd.; annealed at 
Klemens, P. G., 610 C; residual electrical resistivity 0.89/1.0 cm; electrical resistivity 

:r:: Sreedhar, A. K. and 2.52 IJ.O cm at 293 K. 
White, G.K. 0 

7 110 Kemp, W. R. c:., et al. 1956 L 1.8-128 The above specimen; strained; residual electrical resistivity 0.94 /.LO cm; 
m 
0004 

electrical resistivity 2.54 IJ.O em at 293 K. » 
110 Kemp, W.R. G., et ale 1956 L 1. 9-147 95.01 4.99 Rod specimen supplied by Johnson, Matthey and Co., Ltd.; annealed at : 

610 C; residual electrical resistivity 2.20 pO cm; electrical resistivity 
3.91 /.L0 cm at 293 K. 

110 Kemp, W.R.G., etal.1956 L 2.0-150 90.22 9.78 Rod specimen supplied by Johnson, Matthey ane Co., Ltd.; annealed at 
650 C; residual electrical resistivity 4.15,..0 cm; electrical resistivity 
6.0 /.LO cm at 293 K. 

10 110 Kemp, W.R.G., etal. 1956 L 2.3-157 80.14 19.86 Rod- specimen supplied by Johnson, Matthey and Co., Ltd.; annealed at 
650 C. 

11 110 Kemp, W.R.G., et al. 1956 L 2.1-147 80.14 19.86 Rod specimen supplied by Johnson, Matthey alld Co. , Ltd.; annealed at 
800 C; residual electrical resistivity 8.45 /-10 cm; electrical resistivity 
10.0 /.LO cm at 293 K. 

12 110 Kemp, W.R.G., etal. 1956 L 2.2-145 70.67 29.33 R,)d specimen supplied by Johnson, Matthey and Co., Ltd.; annealed at 
800 C; residual electrical resistivity 12. 78 ~O cm; electrical resistivity 
14.66 f,J0 cm at 293 K. 

13 110 Kemp, W.R.G., et al. 1956 L 1. 9-151 60.33 39.67 Rod specimen supplied by Johnson, Matthey and Co., Ltd.; annealed at 
880 C; residual electrical resistivity 18.10 !.LO cm; electrical resistivity 
21. 1 f,J0 cm at 293 K. 

14 llO Kemp, W. R. G., et ale 1956 L 1. 8-117 50.34 49.66 Rod specimen supplied by Johnson, Matthey an:i Co., Ltd.; annealed at 
880 C; residual electrical resistivity 27.7 /.LO cm; electrical resistivity 
27.7 /.LO cm at 293 K. 

15 112 Zolotukhin, G.E. 1956 L 448.2 50.34 49.66 0.66 cm2 in cross-section and 1.35 cm long. 
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TABLE 29. THERMAL CONDUGTIVITY OF SILVER + PALLADIUM ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION (continued) 

Cur. Ref. 
:\0. No. 

16'"" 111 

17* 111 

18* 111 

Author(s) 

Tainsh, R.J. and 
White, G.K. 

Tainsh, R. J. and 
White, G.K. 

Tainsh, R.J. and 
White, G.K. 

* Not shown in figure. 

Y~ar 

1962 

1962 

1962 

Method Temp. 
Used Range, K . 

1 2.2-7.9 

1 2.1-8.3 

1 2.3-7.9 

Name and 
Specimen 

Designation 

Composition 
(weight percent) 

Ag Pd 

97.95 2.05 

95.01 4.99 

90.22 9.78 

Composition (continued), Specifications, and Remarks 

The specimen for qurve no. 6 has been reannealed at 940 C in an effort to 
ensure that dislocation density is reduced to a minimum; rod specimen 
of about I) em long and 3 to 5 mm in diameter; electrical resistivity 
reported as 0.962, 1. 372, and 2. 612 ,..n cm at 0, 90, and 293 K, 
respectively. 

The specimen for curve no. 8 has been reannealed at 940 C in an effort to 
ensure that dislocation density is reduced to a minimum; rod specimen 
of about I) cm long a:1d 3 to 5 mm in diameter; electrical resistivity 
reported as 2.28, 2.68, and 3. 87 ~ cm at 0, 90, and 293 1\:, 
respectively. 

The specimen for curve no. 9 has been reannealed to 940 C in an· effort to 
ensure that dislocation density is reduced to a minimum; rod specimen 
of about I) cm long a,d 3 to 5 mm in diameter; electrical resistivity 
reported as 4.37, 4.78, and 6.01.110 cm at 0, 90, and 293 K, 
respectively. 
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Cur. Ref. 
No. No. 

93 

2 93 

3 93 

4 93 

5 93 

6 110 

7 110 

110 

9 112 

10 112 

11 84 

12 84 

13 84 

14 84 

TABLE 30 • THERMAL CONDUCTIVITY OF PALLADIUM + SILVER ALLOYS -- SPECIMEN CHARACTERIZATION AND MEASUREMENT INFORMATION 

Method Temp. Name and Composition 
Composition (ca"n:inued), Specifications, and Remarks Author(s) YeEr Specimen (weight percent) 

Used Range,K Designation Pd Ag 

Schulze, F. A. 1911 E 298.2 90 10 1 mm thick wire specimen obtained from Heracus Co.; electrical conductivity 
4.71 x 104 a- 1 cm- 1 at 25 C. 

Schulze, F.A. 1911 E 298.2 80 20 1 mm thick wire specimen obtained from Heracus Co.; electrical conductivity 
3.21 x 104 a -1 cm- 1 at 25 C. 

Schulze, F.A. 191L E 298.2 70 30 1 mm thick wire specimen obtained from Heracus Co.; electrical conductivity 
2.56 x 104 a- 1 cm- 1 at 25 C. 

Schulze, F.A. 1911 E 298.2 60 40 1 mm thick wire specimen obtained from Heracus Co.; electrical conductivity 
2.38 x 104 a- 1 cm-1 at 25 C. 

Schulze, F.A. 1911 E 298.2 50 50 1 mm thick wire specimen obtained from Heracus Co.; electrical conductivity 
3.03 x 104 0- 1 cm- 1 at 25 C. 

Kemp, W.R.G., 1956 L 2.1-92 95 5 Rod specimen supplied by Johnson, Matthey and Co., Ltd.; annealed at 
Klemens, P.G., 880 C; residual electrical resistivity 5.81 f.L0, cm; electrical resistivity 
Sreedhar, A.K. 
and White, G. K. 

16.8 /.to, cm at 293 K. 

Kemp, W.R.G., et ale 1956 L 2.2-152 70 30 Similar to the above specimen except residual electrical resistivity 35.6 
;to, cm and electrical resistivity 40.9 ",0, cm at 293 K. 

Kemp, W. R. G., et ale 1956 L 1. 8'-117 50 50 Similar to 'the above spec:men except residual electrical resistivity 27.7 
;to, cm and electrical resistivity 30.5 f.L0, cm at 293 K. 

Zolotukhin, G.E. 1956 L 486.7 75 25 CyUnrlrical spacimen. 

Zolotukhin, G.E. 1956 L 448.2 50 50 CyUndrical specimen. 

Fletcher, R. and 1967 L 1. 7-117 4.84 Calculated conpositon from atomic percent; specimen lent by International 
Greig, D. Nickel Ltd.; annealed at 700 C for 24 brs previously; outgassed at 500 C 

for 4-5 hrs; residual electrical resistivity reported as 5. 92 f.L0; original 
data obtained through private communication with author. 

Fletcher, R. and 1967 L 4.3-118 9.85 Similar to the above specimen except the res~dual electrical resistivity re-
Greig, D. ported as 12. 18 p.O cm. 

Fletcher, R. and 1967 L 1. 7-115 15.05 Similar to the above spec:men except the residual electrical resistivity re-
Greig, D. IX>rted as 13. 0 f.Ln cm. 

Fletcher, R. and 1967 L 2.1-116 20.53 Similar to the above spec:men except the residual electrical resistivity re-
Greig, D. llOrted as 24. 5 JIO em. 
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5. Conclusions and Recommendations 

As evidenced by the exhaustively compiled experimental 
thermal conductivity data presented in this work for the ten 
selected binary alloy systems which are· among those investi

gated most extensively, it is clear that even for these alloy 
systems serious gaps stilI exist in the thermal conductivity 
data for both the temperature and composition dependences 

and that most of the available data are widely divergent and 
subject to large uncertainty. The resulting recommended 

self-consistent thermal conductivity values that cover the full 
range of composition and temperature, therefore, go far 
beyond the limited experimental data. 

In addition to the total thermal conductivity, recom
mended values are given also separately for the electronic 
and lattice components, for the very procedure used in the 
present study is based on the existence of the two components 

of thermal conductivity and the need to trace the dependence 
of each component separately on temperature and composi
tion. If there is a dispute about the separation of the con
ductivity into components, the present work will help to 
clarify the matter, for it looks, for the first time, at the totality 
of the existing data, and points out what is necessary to 
reconcile it. By giving the. separate components, this work 

makes it possibJe for the reader to trace the procedure used 
to generate the recommended values, and makes it possible 
to estimate the effects on thermal conductivity of changes in 
electrical resistivity and changes due to imperfections which 
primarily affect the lattice component. Furthermore, by 
pointing out the relative contribution of each component, 
this work allows the reader to judge how critical some of the 

approximations are in different temperature regions. 
The recommended values are for alloys which are not or

dered and have not been cold worked severely; the values 
would be higher for ordered alloys and lower at low tempera
tures for cold-worked l!-lloys. For each of the alloy systems ex
cept two, the recommended values are given for 25 alloy com
positions, which greatly facilitates interpolation for alloys 

with intermediate compositions. 
The recommended values are based upon both the critical

ly evaluated, analyzed, and synthesized experimental data 
and the calculated values generated by using the methods 
developed in this study for the calculation of the thermal con
ductivity of alloys. The methods developed are essentially 

semi-empirical since they require experimental information 
as input for calculations and adjustments. The reliability of 

the methods has been extensively tested using selected key 
sets of experimental data, which· are considered reliable 
through critical evaluation and analysis, on alloys in the 
various binary alloy systems. 

The method for the calculation of the electronic thermal 
conductivity is applicable for all temperatures to all types of 
binary alloys: non-transition, transition, solid solution, mech
anical mixture, ordered, and disordered. The method for the 
calculation of the lattice thermal conductivity is applicable 
only to disordered solid-solution alloys at moderate and high 
temperatures. For ordered alloys, alloys of mechanical mix
ture, and for solid-solution alloys at low temperatures in the 

region of the lattice conductivity maximum and below, there 
is no adequate method available for the calculation of the lat
tice thermal conductivity, and at present the lattice thermal 

conductivity must be derived from experimental data. 
In the course of this study, a number of areas where further 

theoretical and experimental research is needed are identi
fied. These areas of further research are recommended and 

listed below: 
(1) Experimental and theoretical work on band structure 

effects in binary alloys of transition elements and noble 
elements-in particular measurements on Cu + Pd and Pd + 
Cu alloys to determine the validity of large Lorenz ratios 
reported for this system. 

(2) Development of quantitative theory of impurity en
hancement of phonon-electron interactions at low 

temperatures. 
(3) Measurements of alloy thermal conductivity down to 

liquid 3He temperatures to determine the extent to which 

residual dislocations cause the cusp-like behavior of the com
position dependence of the low-temperature lattice thermal 
conductivity. 

(4) Development of a theory of low-temperature lattice con
duction in transition elements and high-residual-resistivity 
alloys. 

(5) Experimental and theoretical efforts on the lattice con
ductivity outside the region of solid solubility. 
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